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ADVERTISEMENT. 

The  scientific  publications  of  the  United  States  National  Museum 
consist  of  two  series,  the  Proceedings  and  the  Bulletins. 

The  Proceedings^  the  first  volume  of  which  was  issued  in  1878,  are 
Intended  primarily  as  a  medium  for  the  publication  of  original,  and 
asually  brief,  papers  based  on  the  collections  of  the  National  Museum, 
presenting  newly  acquired  facts  in  zoology,  geology,  and  anthro- 
pology, including  descriptions  of  new  forms  of  animals,  and  revisions 
of  limited  groups.  One  or  two  volumes  are  issued  annually  and  dis- 
tributed ta  libraries  and  scientific  organizations.  A  limited  number 
of  copies  of  each  paper,  in  pamphlet  form,  is  distributed  to  specialists 
and  others  interested  in  the  different  subjects  as  soon  as  printed. 
The  dates  of  publication  are  also  recorded  in  the  tables  of  contents 
of  the  volumes. 

The  Bulletins^  the  first  of  which  was  issued  in  1875,  consist  of  a 
series  of  separate  publications  comprising  chiefly  monographs  of  large 
zoological  groups  and  other  general  Efystematic  treatises  (occasionally 
in  several  volumes),  faunal  works,  reports  of  expeditions,  and  cata- 
logues of  type-specimens,  special  collections,  etc  The  majority  of 
the  volumes  are  octavos,  but  a  quarto  size  has  been  adopted  in  a  few 
instances  in  which  large  plates  were  regarded  as  indispensable. 

Since  1902  a  series  of  octavo  volumes  containing  papers  relating  to 
the  botanical  collections  of  the  Museum,  and  known  as  the  Contribu- 
tions from  the  National  Herbarium,  has  been  published  as  bulletins. 

The  present  work  forms  No.  100,  volume  8  of  the  Bulletin  series. 

William  dbC.  Ravenel, 

Administrative  Assistant  to  the  Secretary, 

In  charge  of  the  United  States  National  Museum, 

Washington,  D.  C,  April  28, 1919. 
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STARFISHES    OF    THE    PHILIPPINE    SEAS    AND 
ADJACENT  WATERS. 


By  Wauxr  K.  Fisheb, 

Directar  of  the  Hopkins  Marine  Station  of  Stanford  University  and  Curator 
of  Invertebrate  Zoology,  CaHfomia  Academy  of  Sciences, 
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The  following  report  is  based  upon  an  extensive  collection  of  sea 
rfars  made  by  the  United  States  Fisheries  steamer  Albatrosa  between 
December,  1907,  and  December,  1910,  in  the  region  of  the  Philippine 
Islands,  Celebes,  and  Molucca  Islands. 

The  Philippine  cruise  of  the  Albatross  was  under  the  supervision 
of  Dr.  Hugh  M.  Smith,  then  deputy  commissioner,  now  commis- 
sioner, of  fisheries,  to  whom  I  am  indebted  not  only  for  the  privilege 
of  describing  the  starfish  material,  but  also  for  his  constant  coopera- 
tion during  the  progress  of  the  work. 

The  Albatross  occupied  676  dredging  stations,  at  224  of  which 
starfishes  were  obtained,  in  addition  to  numerous  shore  station& 
There  is  appended  to  the  introduction  a  list  of  dredging  stations, 
with  data,  and  the  species  obtained  at  each  station. 

The  naturalists  of  the  Albatross  deserve  credit  for  the  excellent 
preservation  of  the  specimens — a  result  not  always  easy  to  achieve  in 
the  unfavorable  conditions  of  the  Tropics. 

In  addition  to  the  Albatross  material,  two  new  forms  are  described 
from  the  collection  of  the  Museum  of  Comparative  Zoology,  and  a 
number  of  specimens  have  been  listed  which  were  collected  in  the 
Philippines  by  the  late  Dr.  Edgar  A.  Meams,  U.  S.  Army. 

One  hundred  and  ninety  species  and  subspecies  of  sea  stars  were 
brought  back  by  the  Albatross^  which  with  those  just  mentioned  make 
a  total  of  192  described  or  listed  in  this  report.  One  hundred  and 
thirty-four  species  and  subspecies  are  believed  to  be  new.  Most  of 
them  have  been  described  already  in  preliminary  papers  (see  Bibliog- 
raphy). A  total  of  90  species  were  not  met  with  outside  of  the 
Philippine  Islands  and  the  basin  of  the  Sulu  Sea,  of  which  all  but 
four  are  new.  One  himdred  and  one  species  are  either  wider  rang- 
ing forms,  or  else  were  collected  only  in  the  China  Sea,  in  Celebes 
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waters,  or  among  the  Molucca  Islands.  Of  these,  47  are  new  speciea. 
Fifty-nine,  out  of  101  species,  occur  in  the  Philippines  (8  new), 
making  a  total  of  149  species  for  the  group,  of  which  only  56  had 
been  described  prior  to  the  Albatross  expedition.  A  majority  of  the 
65  are  here  recorded  for  the  first  time  from  the  Philippines. 

Eighteen  new  generic  types  were  discovered  by  the  Albatross  expe- 
dition, while  new  species  have  made  desirable  the  segregation  of  six 
additional  genera  and  subgenera. 

The  new  generic  types  are : 
BentJiogenia^  LithosomOy  XenoriaSy 

AstromesiteSy  Astrothawnuiy  Hymenasterides, 

Anthosticte^  AteloriaSy  BythiolophuSy 

KoremasteTy  Halityley  BrisingeneSj 

Perissogonaster,  ^  Dissogenes^  AstrostepJianey 

PontiocerarrvuSy  TarachasteVy  Stegnobrisinga. 

The  other  new  genera  and  subgenera  are : 

Ctenopleuray  near  Astropecten. 

Paranepanthiay  near  Nepanthia  and  Asterinopsis. 

GlyphodiscuSy  new  subgenus  of  Iconaster. 

FreyellasteVy  near  Freyella. 

Brisingellay  near  Brisinga. 

Craterobrisinga,  near  Brisinga. 

During  the  preparation  of  this  report  I  have  had  occasion  to  draw 
rather  freely  upon  the  collection  of  the  United  States  National 
Museum  for  comparative  material.  It  is  a  great  pleasure  to  record 
the  liberal  cooperation  of  the  Museum  authorities  and  in  particular 
that  of  Dr.  Paul  Bartsch  and  Mr.  Austin  H.  Clark.  The  collection 
of  the  Museum  of  Comparative  Zoology  of  Cambridge  is  a  treasure 
house  for  the  systematist,  and  its  facilities  have  always  been  most 
agreeably  placed  at  my  disposal,  both  during  visits  and  by  the  loan 
of  specimens,  for  which  I  am  indebted  to  Dr.  Hubert  Lyman  Clark 
and  Mr.  Samuel  Henshaw.  The  holotypes  of  Asterina  coronata 
cristata  and  Bunaster  lithodes  are  in  the  collection  of  this  museum. 

During  a  brief  visit  to  London  I  was  able  to  examine  a  number  of 
types  in  the  British  Museum,  especially  some  of  J.  E.  Gray's  from 
Migupou,  and  for  this  courtesy  I  am  indebted  to  Prof.  F.  JeflPrey 
Bell.  Similarly  Professor  Joubin  gave  me  access  to  the  starfish  col- 
lection of  the  Museum  d'Histoire  Naturelle  of  Paris,  and  Doctor 
Horst  to  that  of  the  Leyden  Museum,  and  to  these  gentlemen  my 
best  thanks  are  tendered.  Nor  should  I  omit  a  conference  with  my 
genial  friend.  Dr.  B6ne  Koehler,  of  the  University  of  Lyon,  the  lead- 
mg  European  authority  on  Asteroidea  and  Ophiuroidea. 

As  already  stated  most  of  the  new  species  brought  back  by  the 
Albatross  have  been  briefiy  described.   These  are  contained  in  papers 
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registered  in  the  bibliography  as  Fisher  1911e?,  1918a,  1918e?,  19166, 
1917a,  1917J,  while  notes  bearing  directly  upon  Philippine  material 
are  contained  in  1916a,  1917a,  1917/,  and  1918.  Keys  to  orders, 
families,  and  genera  will  be  found  in  1911^?  and  1906. 

The  bulk  of  the  photographs  illustrating  this  report  were  prepared 
under  the  direction  of  Mr.  T.  W.  Smillie,  of  the  United  States  Na- 
tional Museum,  from  specimens  arranged  by  the  writer.  The  draw- 
ings illustrating  structural  details,  and  the  photographic  figures  of 
the  Asteriidae  and  Brisingidae  were  made  by  the  writer. 

INTRODUCTION. 

References  to  the  starfishes  of  the  Philippines  are  found  in  scat- 
tered papers  dealing  with  larger  areas  or  in  such  general  works  as 
Gray's  Synopsis  of  the  Genera  and  Species  of  the  Class  Hjrpostoma, 
Perrier's  Revision  des  Stell^rides,  and  Sladen's  Challenger  Asteroi- 
dea.  There  are  no  special  papers  dealing  with  the  Philippine  star- 
fish fauna,  with  the  single  exception  of  that  by  Bell  On  the  Echino- 
derms  collected  during  the  Voyage  of  H.  M.  S.  Pengum  and  H.  M. 
S.  Egeria,  when  surveying  Macclesfield  Bank.  This  bank  is  about 
300  miles  west  of  Lingayen  Gulf,  Luzon,  about  midway  between 
Luzon  and  Annam,  and  is  outside  of  Philippine  waters  as  classified 
in  this  report. 

J.  E.  Gray*  (1840)  in  his  well-known  paper  assigns  the  following 
new  species  to  Luzon : 

Randasia  luzonica.  Nwrdoa  tubercuUUa. 

Othilia  luzonica. 

The  following  are  from  Migupou,'  probably  a  Philippine  locality: 

Metrodira  aubulata. 

Tamaria  fusca  {=0phidia8ter  fusous). 

Nepanthia  maculata. 

In  1844  Miiller  and  Troschel  describe  in  Wiegmann's  Archiv* 
Linckia  pusUla  (=0phidia8ter  pusUlus)  from  the  Philippine  Islands. 

In  1847  Gr^y  describes  Hoaia  spinulosa  {=^Anthenea  spimdoaa) 
from  the  Indian  Ocean  and  Philippine  Islands. 

Von  Martens  (1866)  mentions  the  following  sp^ies: 

Echinaster  fallax  Miiller  and  Trosch^l^OthiUa  luBonica  Gray= 
O.  purpurea  Gray,  Luzon. 

Echinaster  Solaris  8chmidel= Acanthaster  planet  (Linnaeus), 
Zamboanga,  Mindanao,  reef. 

Linckia  miliaris  (Linck)=Z.  laevigata  (Linnaeus),  Zamboanga. 

1  See  Bibliography,  p.  541,  for  titles. 

*  Mr.  Alvin  Seale,  of  the  Museiim  of  Comparatiye  Zoology,  tells  me  that  be  bat  saUed 
past  a  Migupou  Point,  but  does  not  recall  now  whether  it  Is  on  Luson  or  on  Mindanao. 
I  have  not  been  able  to  find  it  on  available  maps.  Possibly  this  is  the  locality  to  which 
Gray  refers. 

'Jahrgang  10,  vol.  1,  p.  180. 
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Asterina  gibbasa  (Pennant),  var.=:A.  cephus  /,  "Philippines,  im 
Berliner  Museum.'' 

Aaterina  pentagana  (Miiller  and  Troschel)  =Pa^tri6Z2a  exigua 
(Lamarck),  Provinz  Albay  auf  Luzon. 

Ltddta  maoulata  Miiller  and  Troschel,  Manila  Bay. 

The  next  year  in  a  short  paper  the  following  species  are  ascribed 
to  the  Philippines: 

Echinaater  solaria  Schimdel=Acanthaater  planet  (Linnaeus), 
described;  Zamboanga,  Mindanao. 

Oynmaateria  carinifera  {Ijam9LTck)=iAaterope  cariniferaj  T^mr 
boanga,  Mindanao. 

In  1875,  Perrier  in  the  Envision  described  Scytaater  ohtuaue 
{=zNardoa  obtfiaa)  from  the  Philippines.  The  type,  which  I  have 
examined,  is  a  young  specimen.  He  also  records  the  following 
species: 

Aoanthaater  echimtea=:A.  planoL 

EohhuDster  faJlaa^OthUia  pwrpwtea. 

Ophidtaater  pmiUus. 

Lvnchia  fmUaria=iL.  laevigata. 

Scytaater  tuberculatua=Nardoa  tuberctdata. 

Pentagonaater  apintdoatta^^Anthenea  apinuloaa. 

Pentaoeroa  ohtuaatua^Pentaceropaia  obtuaata. 

Aaterina  cepheua. 

Pteraater  cribraaua^Retaater  inaigrda. 

Sladen  (1889)  described  the  following  new  Philippine  species 
from  the  Challenger  collections: 

Aatropecten  imhelUa^  off  Tablas  Island,  100  fathoms. 

Aatropecten  monacanthua^  east  of  Panay,  20  fathoms. 

Dytaater  inermia^  Celebes  Sea,  between  Celebes  and  Mindanao, 
2^60  fathoms. 

Luidia  aapera^  off  Zamboanga,  Mindanao,  10  fathoms;  off  Tablas 
Island,  100  fathoms. 

Luidia  langiapina^  east  of  Panay  Island,  20  fathpms. 

Pontaater  truUipea^  west  of  Luzon,  1,050  fathoms. 

Nymphaster  ayniboUcua^  off  Tablas  Island,  100  fathoms. 

Leptogonaater  criatatua^  off  Tablas  Island,  100  fathoms. 

Pentaceroa  productua^  var.  tuberaia^  off  Zamboanga,  10  fathoms: 
off  Malanipa  Island,  10  fathoms. 

Pholidaater  aquamatua^  off  Tablas  Island,  100  fathoms. 

Aateriaa  (Stolaateriaa)  volaeUata^  near  Cebu,  95  fathoms. 

Freyella  echinatOj  Celebes  Sea,  between  Celebes  and  Mindanao, 
2,150  fathoms;  west  of  Luzon,  1,050  fathoms. 

He  also  recorded  the  following  species  collected  by  the  Challenger: 

Craepidaater  heaperua,  east  of  Panay  Island,  20  fathoms. 
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Archaster  typicm^  east  of  Zamboanga,  250  fathoms;  off  Zambo- 
anga,  10  fathoms;  off  Cebu,  ree&. 

SteUaater  incei^  off  east  point  of  Panay,  18  fathoms. 

Asterodiscus  elegana^  off  Zamboanga,  10  fathoms. 

Peniaceroa  turritus=zOrea8ter  nodoaus  (Linnaeus),  off  Zambo- 
anga, 10  fathoms;  off  Cebu,  reefs;  off  Malanipa  Island,  10  fathoms. 

Pentaceropris  obtuBota^  off  Cebu,  reefs. 

Ctdcita  novae-gidneaej  off  Cebu,  reefe;  off  Malanipa  Island,  10 
fathoms. 

Chariaster  granulatvs^  off  Zamboanga,  10  fathoms. 

Nardoa  tuhercvlata^  off  Zamboanga,  10  fathoms;  off  Cebu,  reefs. 

Linckia  rnUiaria^L.  laevigata^  off  Cebu,  reefs. 

Asterina  eepheus^  off  Zamboanga,  10  fathoms. 

Aoanthaster  echinites^A.  planciy  off  Cebu,  reefs. 

In  the  article,  already  mentioned,  on  the  Echinoderms  of  Maccles- 
field Bank,  Professor  Bell  (1894)  lists  the  following  starfishes,  those 
marked  with  an  asterisk  being  new: 

Fathonw.  Fathoms. 

Archaster  iypicua 2a-G0    ^Ohaetaater  moorei 8^-40 

^Archaster  tenuia 8(M1      Aaterina  eepheua 17-80 

Aatropecten  polyacanthua 80-41      Fram4a  mUleporeUa^^^^^ 22-40 

Luidiat  aapera  (young) 20-85      Leiaaiert  leaoM  (young) 41-44 

Luidia  for/Mfer 80-40  Lekutert  apecioaua  (young)..  80-16 

Luidia  hardioickU 81-87      Nardoa  iuberculaia 80-16 

Luidia  Umgiapina 80-45      Rhipidaatert  vamUpea 82 

Luidia  maouluta  (young) 80-11       Mithrodia  clavigera 41-44 

Ooniodiacuarugoaua  (jovLug),^       45      BofUnaater  purpureua 20-40 

^CulcUa  (young),  new  species—  40-60      Aateriaa  volaeUata 82 

^Patiria  hriareus 80-45 

DISTRIBUTION  OF  SPBGIBS. 
I.  Distribution  of  Phujppiive  Sfbcixs. 

Of  the  149  species  found  in  the  Philippine  Archipelago,  90  were 
not  met  with  outside  the  group.  The  remaining  69  species  range 
outside  the  islands  and  included  seas  and  are  analyzed  in  the  fol- 
lowing lists  a  to  A; : 

(a)  Species  common  to  the  Bed  Sea,  Indian  Ocean,  Philippines, 
Eastern  Archipelago,  and  parts  of  the  central  and  western  Pacific: 

Astropecten  polyacanthua.  Aaterma  cepheua. 

Fromia  rmUeporeUa.  OtMUa  purpurea. 

Linckia  laevigata.  Acanthaater  plancu 
Linckia  multifora. 

(b)  Species  common  to  the  Red  Sea,  Indian  Ocean,  and  Philip- 
pines, but  not  ranging  into  the  Pacific: 

Aatropeeten  monacanthua.  Luidia  aavignyi. 

18484  — BuU.  100—19 2 
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(e)  Species  common  to  the  Indian  Ocean  (including  the  Bay  of 
Bengal  and  Arabian  Sea),  Eastern  Arcl^ipelago  (including  the  Phil- 
ippines) and  parts  of  the  Pacific : 

Craspidaster  hesperua.  SteUaster  incei. 

Aatropeoten  velitaris.  Oreaster  nodosus. 
Luidia  maculata,                            '  Culcita  novae-guineae, 

ArcKaateT  typicua.  Culcita  n.  plana. 

Archaater  angulatua.  Linckia  guUdingL 

CTieiraater  inopa.  Metrodira  aubulata. 

Mediaater  omatua.  Patiriella  exigua. 

Paeudarchaater  jardanL  EcKinaater  calloaua. 

With  the  exception  of  Chetraater  inopa^  Paeudarchaater  jordaniy 
and  Mediaater  omatus^  which  occur  below  the  200- fathom  line,  the 
species  listed  under  a,  J,  and  c  are  littoral  and  shallow- water  species^ 
22  in  number. 

(d)  Species  common  to  the  Philippines  and  Bay  of  Bengal: 

Ooniodiaoaater  forficulatua.  Ophidiaater  tuberifer   (to  Ara- 

Nardoa  lemonnieri.  fura  Sea). 

Nardoa  aquamuloaa.  Ophidiaater  duiioaua. 
Nardoa  frianti. 

These  are  all  littoral  or  shallow-water  forms,  none  ranging  to  the 
100-fathom  line. 

{e)  Species  common  to  the  Philippines  and  Arabian  Sea: 
Sidonaater  vaneyi  (78a-888  fathoms). 

(/)  Philippine  species  ranging  into  the  China  Sea : 
Peraephonaater  anchiatw.  Nepanthia  joubini. 

Aaterodiacua  elegana. 

(g)  Philippine  species  ranging  into  the  western  Pacific: 
Luidia  aapera  (to  Admiralty  Islands). 
Oreaater  alveolatua  (to  New  Caledonia). 
Retaater  inaignia  (lists  i,  j). 

(A)  Philippine  species  extending  to  Japan: 
Choriaater  granvlatua  (to  New  Zealand  and  western  Pacific). 
Fromia  japonica  (to  Java,  Banda,  and  Arafura  Seas). 
Henricia  denaiapina  (Straits  of  Korea). 

(i)  Species  common  to  the  Philippines  and  Celebes  (c)  or  Mo- 
luccas (m) : 

1.  Littoral  forms: 
Iconaater  longimanua  (to  Java,  Banda,  and  Arafura  Seas). 
Nardoa  aemiregularia  (into  Java  Sea). 
Nardoa  tuberculata  (to  Java,  Banda,  and  Arafura  Seas). 
Ophidiaater  fuacua  (to  northwest  Australia  and  Arafura  Sea). 
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2.  Deep-water  species : 

CtenodUcus  arientalisy  m.  o.  Zoroaster  ophiactisy  c. 

Pectinaster  hylacanthusy  m.  Cnemidaster  wyvilliiy  c.  (to  Ara- 
Cheiraster  niasicus^  c.  m.  fura  Sea). 

Atelarias  anacanthua^  c.  Coronaater  halicepua^  m. 

Retaster  inaignis  (lists  g,  j)*  Stegnohrisinga  placoderma^  c. 
Hymenasterides  zenognathus,  m. 

{])  Philippine  species  extending  into  the  Banda  and  Arafura 
Seas: 

Astropecten  granulatus.  Ophidiaster  fuscus  (to  northwest 

Roaaater  symholicus.  Australia). 

Iconaater  longinumua.  Nepanthia  maculata. 

Nardoa  tuierculata.  Retaater  inaignia  (lists  g^  i). 
Fromia  japonica  (to  Japan).         Cnemidaater  wyvUlii. 
Ophidiaater  tuberifer  (to  Bay  of 
Bengal). 

{k)  Species  common  to  Philippine  and  Hawaiian  Islands: 
Cheiraater  inopa  (to  Indian  Ocean,  list  c). 
Paeudarchaater  jordani  (Borneo,  and  Indian  Ocean,  list  c). 
Mediaater  omatua  (to  Arabian  Sea,  list  c). 
Diatolaateriaa  euplecta. 
BriaingeUa  fragUia. 

(l)  Bathymetric  distributiont  of  species  of  lists  a  to  k  occurring 
below  the  100  fathom  line : 

1.  From  between  99  and  200  fathoms: 

Aatropecten  granuda-     Roaaater  aymboUcua. 

tw.  Henricia  denaiapina. 

Peraephonaater  an-    Coronaater  halicepua. 

chiatua.  Diatolaateriaa  euplecta. 

Luidia  aapera. 

2.  From  between  200  and  800  fathoms: 

Cheiraater  inopa.  Hymenaateridea  zenognathua. 

Cheiraater  niaaioua.        Coronaater  halicepua. 

Henricia  denaiapina.      BriaingeUa  fragUia. 
8.  From  between  800  to  500  fathoms: 

Ctenodiacua  orientalia.    Paeudarchaater  jordani. 

Pectinaater    hylacan-    Henricia  denaiapina. 
thua.  BriaingeUa  fragUia. 

Cheiraster  inopa. 
4.  From  between  500  and  700  fathoms: 

Cheiraater  inopa.  Zoroaater  ophiactia. 

Ateloriaa  anacanthtta.    Stegnoiriainga  placoderma. 
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5.  From  between  700  and  1,100  fathoms: 

Paeudarchaster  jor-    Zoroaster  ophiactis. 
danL  Cnemidaater  wyviUiL 

Summon/. — (Species  taken  only  among  the  Philippine  Islands, 
90.)    Species  ranging  well  into  the  China  Sea  (/),  8.    Additional 
forms  ranging  into  western  Pacific  (g)^  8. 
Additional  forms  ranging  to — 

Bay  of  Bengal  (rf),  6; 

Arabian  Sea  («),!; 

Celebes  or  Moluccas  (i)j  14; 

Banda  and  Arafura  Seas  (j) ,  10,  but  only  4  not  in  lists  d  and  «. 
Species  ranging  to— 

Hawaii  (A?),  6. 

Japan  (A),  8. 
Wide-ranging  species,  Indian  Ocean,  Eastern  Archipelago,  and 
Pacific  (e),  16. 

Additional  forms  ranging  into  Bed  Sea  (a),  7. 

Additional  forms  ranging  into  Bed  Sea  but  not  into  the  Pacific 

(J),  2. 

In  the  following  table  all  species  listed  in  the  report  are  enumer- 
ated, except  90,  which  were  met  with  only  in  the  Philippine  Archi- 
pelago. For  analysis  of  those  foimd  only  in  Moluccan  and  Celebes 
waters  see  section  IV. 

Distribution  of  Species  other  than  those  iound  only  aiconq  the  Phujp- 

piNB  Islands. 


a  The  letters  M  and  C  represent  Moluccas  and  Celebes,  respectively. 
t  Hawaiian  Islands, 
e  Admiralty  Islands. 
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Distribution  of  Species  otheb  than  those  found  only  among  the  Philip- 
pine Islands — CJontlnued. 
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D18TBIBUT10ZV  OF  Species  other  than  those  found  only  among  the  Phujf- 
piNE  Islands — Ck>ntinued. 
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A  itrottej^nc  molueoana. 

BfuhueUa/ngUU 

Steffmritinffa  plaeoierma 


X« 


Peltaster  cycloplax. 
Lithosoma  aotinometra. 
Calliaster  corynetes. 
AstroBiephane  acanthogenys^ 


aHawaitanlslaiids. 
II.  Analysis  of  Species  Taken  Only  in  Phuippinb  Waters. 

*  (a)  Species  taken  only  in  Luzon  waters. 
1.  From  between  100  and  200  fathoms: 

Aatropecten  luzonicus.    Paragonaster  stenoatichus. 
Ctenophor aster  diplo- 

cteniua. 
AstTomesitea  compac- 

tus. 
Persephonaster  eury- 
actia. 
'     2.  From  between  200  and  800  fathoms: 

Aatropecten  luzonicus.    Tritonaster  evorua. 
Peraephonaater  luzon-    Roaaater  mimicua. 
icua.  Nymphaater  m/ucronatua. 

8.  From  between  800  and  500  fathoms : 

PaUaater  gotoi.  Nymphaater  meaerea. 

Dipaacaster  imperialia. 
(6)  Species  taken  in  the  vicinity  of  Luzon  and  also  in  the  in- 
terisland  waters  north  of  Mindanao  and  Surigao  Seas: 
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CoTonoBter  volseUatus  (95-165). 
Paragonaater  ctenipes  hypacanthus  (114-172)  • 
PontioceramiM  grandia  (114-200). 
Persephonaster  oediplax  (283-604). 

{c)  Species  from  interisland  waters  south  of  Marinduque  and 
north  of  Mindanao  and  Surigao  Seas: 

1.  From  less  than  100  fathoms: 

Patagiaster  sphaerio-  Bunaater  lithodes  (littoral). 

plax.  Aaterinopria  pediceUaria. 

Roaaater  marmUatua,  Distolaateriaa  hypacantha. 
Ophidiaater  trychnua. 

2.  From  between  100  and  200  fathoms: 

Goniopecten  aaioHcua.  Aatrothauma  euphylaoteum. 

Anthoatiote  attlo-  Pholidaater  aquamatiLa. 

phora.  Diatolaateriaa  hypacantha. 

Luidia  avicularicu  Odinia  penichra. 

8.  From  between  200  and  800  fathoms: 

Luidia  gymnochora^  Nymphaater  leptodomWj  Henrioia 
arcyatatcu 

4.  From  between  500  and  700  fathoms: 

Ceramaater  anUthu         Henrioia  arcyatata  (to  530). 

5.  From  between  700  and  900  fathoms: 

Karemaater  evaulua  apiculatua. 

6.  Depth  not  recorded : 

Odinia  magiater. 
{d)^  Species  taken  only  in  the  Mindanao  and  Surigao  Seas  and  ad- 
jacent bays: 

1.  Less  than  100  fathoms: 

Pentaceropaia  tyloderma^  Echinaater  atereoaomua,  Pteraa- 
ter  oheaua  myonotua. 

2.  From  between  100  and  200  fathoms: 

NymphaattfT  euryplax.    Henricia  microplax. 
Tarachaater  tenuia. 

3.  From  between  200  and  800  fathoms: 

Nymphaater  dyacritua^  Pteraater  oheaua  myonotua. 

4.  From  between  800  and  500: 

Cheiraater  diomedeae. 
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(e)  Species  taken  only  in  the  basin  of  the  Sulu  Sea  and  adjacent 
Mindanao  Sea;  those  marked  with  a  star  are  from  the  Sulu  Basin 
only: 

1.  From  less  than  100  fathoms: 

Aatropecten    vappa  Fromia  ewttchcu* 

inaeguaUa.*  Fromia  hemiopla^ 

Rosaaier  nanma.^  Nardoa  tumuloaa^ 

Iconaater  perierctua*  Leiaater  ancUogiia.* 

Aaterodiaoua    kelafkh  Anaeropoda  macropora.* 

tua.*  Aoanthaater  breviapinua.* 
Ealityle  regularia.* 

2.  From  100  to  200  fathoms: 

Aatroceramua  aphaerioatictua.^ 
8.  From  200  to  300  fathoms: 

Prionaater  andlogua. 
4.  From  800  to  500  fathoms: 

Benthogema  crihel-    Astropecten  pedicellaria.* 
loaa.  Nymphaater  habrotatua. 

6.  From  600  to  700  fathoms: 

Peraephonaater    au-    LopKaater  auluenaia.* 

luenaia.*  Nymphaater  habrotatua  (to  786 

Sphaeriodiacua  acoto-        fathoms). 
cryptua.* 
6.  From  900  to  1,100  fathoms: 

Nymphaater  atopua.*      Hymenaater  bartachi  (1105). 

(/)  Species  found  in  the  Sulu  and  Mindanao  Seas  which  were  taken 
also  outside  these  basins,  as  follows : 

a\  In  the  China  Sea  off  Luzon,  or  in  tributary  bays: 
Aatropecten  phragmorua  (14  to  44  fathoms). 
Peraephonaater  euryactia  breviapinua  (172-258  fathoms). 
Peraephonaater  habrogenya    (805-840  fathoms;   Sibuko 

Bay,  Borneo). 
Periaaogonaater  inaignia  (159-254  fathoms). 
Anthenoidea  criatatua  (102-279  fathoms). 
Zoroaater  oarinatua  phUippinenaia  (96-604  fathoms). 

b\  In  interisland  waters,  central  part  of  archipelago: 
1.  In  less  than  100  fathoms : 

Aatropecten  phragmoruay  Aatropecten  mmdanenaia 
(4  to  42  feet),  Luidia  longiapina^  Luidia  prionota, 
Zoroaster  c,  philippinensia. 
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2.  From  100  to  200  fathoms: 

Astropecten  eucnerms^  A.  tenellua^  Ctenopleura  astro- 
pectinides,  Anthenoides  criatatua^  Zoroaster  c.  phU- 
ippinensis. 

3.  From  200  to  300  fathoms: 

Lithosoma  penichra^  Anthenoidea  cristatua^  Anthe- 
noidea  rugyloaua,  Zoroaater  c.  philippinenaia. 

4.  From  300  to  500  fathoms: 

Prionaater  gracUia^  Dipaacaater  diaphorua^  LUho- 
soma  penichra^  Anthenoidea  ruguloaua^  Zoroaater  c. 
phUippinensia. 

5.  From  500  to  700  fathoms: 

Astropecten  eremicuay  Dipaacaater  diapTuyrua^  Zoro- 
aater c.  philippinenaia^  Brisinga  trachydisca. 

6.  From  700  to  800  fathoms :  Briainga  trachydisca. 

{g)  Species  taken  only  in  Palawan  Passage  or  tributary  bays: 
Pectinaster  mindctcs  palawanenaia  (730  fathoms). 
Aaterina  coronata  euercea  (littoral). 
Craterobriainga  eucoryne  (375  fathoms). 
Craterohriainga  analoga  (375  fathoms). 

(A)  Bathymetric  distribution  of  deep-water  species.  Those 
marked  with  an  *  occur  also  outside  the  archipelago  as  detailed 
under  section  I.    This  list  includes  I,  I. 

1.  From  100  to  200  fathoms: 

Oaniopecten  aaiatioua.  Luidia  aapera.* 

Aatropecten  eucnemia.  Lttidia  avictdaria. 

Aatropecten      grofn/uHor  Paragoruiater     ctenipea 

tua.*  hypaeantlui. 

Aatropecten  luzomeua.  Paragonaater     atenoatir 
Aatropecten  teneUua.  chua. 

Ctenopleura      aatropeo-  Periaaogonaater  inaigma. 

tinidea.  Roaaater  aymhoUcua.* 

Ctenopharaater     diplo-  Nymphaater  euryplax. 

cteniua.  Peltaater  cycloplax. 

Peraephonaater    anchia-  Pontioceranma  grandia. 

tua*  Lithoaoma  actinometra. 

Peraephonaater    euryao-  Aairoceramua  aphaerio- 

tia.  atictua. 

Peraephonaater  e.  hrevi-  CaUiaater  corynetea. 

apinua.  Aatrothavma   euphylac- 
Astromesites  compactvs.  tema. 

Anthoaticte  avlophora. 
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Anthenaides  cristatus. 
Tarachaater  tenuis. 
Henricia  densispina.* 
Henricia  microplax. 
Zoroaster  o.  phdlipptn" 

ensis. 
Pholidaster  sguamatus. 
Coronaster  volseUatus. 

2.  From  200  to  800  fathoms: 

Prionaster  analogus. 
Astropecten  Imomcus. 
Persephonaster  e.  brevi- 

spinus. 
Persephonaster    hizoni- 

cus. 
Persephonaster  oediplax. 
Tritonaster  evorus. 
Luidia  gymnochora. 
Cheiraster  inops.* 
Cheiraster  nioMCUs* 
Perissogonaster  insignis. 
Rosaster  fnimicus. 
Nymphaster  dyscritus. 
Nymphaster     mucrona^ 

tus. 

8.  From  800  to  500  fathomis: 

Benthogenia    cribellosa. 
Ctenodiscus  orientalis** 
Prionaster  gracilis. 
Astropecten  pedicellaris. 
PsHaster  gotoi. 
Persephonaster  oediplax. 
Persephonaster     hahro- 

genys. 
Dipsacaster  imperialis. 
Dipsacaster  diaphorus, 
Pectinaster    hylacan- 

thus* 
Cheiraster  inops. 
Cheiraster  diomedeae. 


Coronaster  halicepus.* 
Distolasterias  euplecta.* 
Distolasterias  hypacan- 

tha. 
Astrostephane    acantha^ 

genys. 
Odinda  pendchra. 


Nymphaster  leptodomus. 
Lithosoma  penichra. 
Anthenoides  cristatus. 
Anthenoides  ruguJosus. 
Henricia  densispina.* 
Henricia  arcystata. 
Pteraster  obesus  myono- 

tus. 
Hymenasterides    zenog- 

nathus.* 
Zoroaster    c.    phUippi- 

nensis. 
Coronaster  halicepus.* 
BrisingeUa  fragilis. 


Pseudarchaster       jor- 

dani.* 
Nymphaster  m£seres. 
Nymphaster  habrotatus. 
Lithosom^a  penichra. 
Anth^enoides    rugulosus. 
Henricia  densispina. 
Zoroaster    c.    phdlippi- 

nensis. 
BrisingeUa  fragilis.* 
Craterobrisin^a    euco- 

ryne. 
Craterobrisinga  analoga. 
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4.  From  500  to  700  fathoms: 
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Aatropecten  eremicus. 
Persephonaster    9uluertr 

sis. 
Persephanaster     oedi- 

plax.^ 
Dipsacaster  diaphorus. 
Cheiraster  inops,* 
Nymphaster  habrotatvr 

(to  736  fathoms). 
Ceramaster  smithu 
Sphaeriodiscus  scoto- 

cryptus. 

5.  From  700  to  1,100  fathoms: 


Atelorias  anacanth/us* 
Henricia   arcystata    (to 

530  fathoms). 
Lophaster  suluensis. 
Zoroaster  ophiactis* 
Zoroaster    c.    philippi- 

nensis. 
Brisinga  trachydisca. 
Brisinga  placoderma^ 
Stegnobrisinga  placo- 

derma.* 


Koremaster  evaulvs  spi- 

culatus. 
Pectinaster    mimicus 

pcdawanensis. 
Pseudarchaster  jordani. 
Nymphaster  atopus. 
The  following  table  indicates  the  distribution  of  all  forms  col- 
lected in  the  Philippine  Islands  only : 

DlSTBIBUnON  OF  SFBCnES  COLLECTED  A1C0I70  THE  PHIUPPIWES  ONLY. 


Hym/enaster       hartschi 

(1,105  fathoms). 
Zoroaster  ophiactis* 
Cnemidasterr  wyvillii.* 
Brisinga  trachydisca^ 


a  Sibuko  Bay,  Borneo. 
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DiSTKIBimON  OF  SPECIEa  COLLECTED 

AlCONC 

\  THE  Philippines  only— Contlnuefl. 

1 

\i 

1 

1 

a 

1 

GQ 

Range  in  fothoms. 

V 

1 

X 

1 

i 

i 

i 

( 

AnUumHete  autonhora                                         .  ...... 

X 

X 

Diptaeatterimperialis i  X 

_.  . 

X 
X 

X  ■ 

X 
X 
X 
X 

Y 

X 

X 
y 

X 
X 

Luidia  firionota                                                            i . . . 



X 
X 

Luldia  ovmnockora                                                     . . . . 

Y 

Y 

Pectiruuter  m.  palawanensU i--.- 

Y 

i 

1  "> 

::::t::::!:::: 

X 

X 
X 

ParagoTuuUr  8tmoitiehu9 X 

Perissogonaater  intignit i  X 

" 

.     ,  ... 

X 

:::::::: 

X 
Y 

RoMuter  nuiTnillatUM                                                     .... 

X 

Rosattn  mimicxu ,  X 

X 



1 

X 
X 

X 

NvmnhoMter  dvamtiu                       L...    i 

X 

X 
X 

I^mphaster  mucronatus X 

X 

....[....j.... 

Nvmnhaxter  metttrett 

X 

X 
X 

...J.-.. 

X  i  X 

JvutnnhcuittT  titOTttiM 

1 1 

X 
Y 

SiAaeriodLtcuM  Mt^iiocnmtut 

X 

X 
X 
X 

X 
X 
X 

PntUioCfrntntt^  nrnnAia 

X 

Liihoaoma  aetinometra                                 

.... 

ZAthosotnn  TitnichTtL 

X 

X 

IconoMter  nerierctujt                                                     I 

X 

X 

X 

.... 

X 
X 
X 
X 

N/ 

A.MtTot}utHffui  ^U'rAaloiiteHni 

Y 

AnthenoideM  erikaiua                            

X 

V 

X 
X 
X 

X 
X 

X 

*Y 

X 
X 
X 
X 
X 
X 
X 
X 
X 

AHerodiacua  helfmotUM 

HaJitjflt  regfUarit 

X 

Ftwnia  eutticka                          ... 

X 
X 
X 

Frmnia  hfv^fntla 

Onkidiaatrr  trvrkfuu 

X 

JuHcMer  ttfudointt 

X 

Bunaker  litJkodeM .".       

X 

Tttnch(i8ter  tenuit 

A  tteriTtOTNiit  midieeUaria    

Y 

X 
X 
X 
X 

A  tt^rifM  coTOfi/i/a  fOfrtfit 

X 
X 

Henrida  nHcroplai. 

Henriciti  orcvaHua, .... 

X 

AeanihaUer  oraHatdnuM 

X 

LoDhaater  atUuetuia        

X 

X 

X 

Hvmenaater bariachi                                .    ..  . 

X 
X 

Zoroaaier  c.  nlMl'DnlnenaU 

X 

X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 

PhoHdaatfr  aimamnttu 

DiUolaaUriaa  hppaearUha 

X 

X 

OoronaatfT  volatVMwa.  ^             . . 

X 

OdirUa  penkhra" 

Odinia  maaiater 

Briaiikfa  trachndiaea                   . ........... 

X 

X 

X 

X 
X 

X 
X 

Otaterobriainaa  analoaa                 
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in.  Relationships  of  Phuiffins  Faxtna. 

As  summarized  at  the  end  of  Section  I,  the  species  which  range 
beyond  Philippine  waters  include:  First,  about  25  species  with  a  wide 
Indo-Pacific  distribution  and  a  very  slight  vertical  range  below  low 
tide  (Section  I,  a,  6,  c) ;  second,  19  species  which  extend  to  Celebes 
or  to  the  Molucca  Islands  and  the  seas  at  the  south  (Section  I,  t,  j) ; 
third,  6  species  which  occur  in  the  Bay  of  Bengal  and  1  in  the  Ara- 
bian Sea  (Section  I,  d^  e) ;  fourth,  5  species  which  range  to  the 
Hawaiian  Islands  {k)y  of  which  8  also  extend  to  the  Indian  region 
(all  deep  water) ;  fifth,  8  species  which  are  members  of  the  Japanese 
fauna,  1  being  also  Pacific  (h).  Of  the  remaining  6,  3  are  China 
Sea  species  and  8  are  from  the  western  Pacific 

Excluding  the  widely  distributed  Indo-Pacific  forms,  the  remain- 
der seem  to  show  a  preference  for  the  seas  to  the  south  of  the  Phil- 
ippines and  for  the  Bay  of  Bengal. 

If  the  deep-water  species  alone  are  considered  the  following  is 
the  result :  10  species  range  to  Celebes  and  the  Moluccas,  and  8  others 
to  the  Arafura  Sea;  3  species  extend  from  Hawaii  to  the  Indian 
region;  2  from  the  Philippines  to  Hawaii;  1  to  the  Straits  of  Korea 
(not  free  from  doubt  as  to  specific  identity). 

If  the  species  which  were  taken  only  in  the  Philippine  Islands  are 
listed  along  with  their  nearest  known  relatives,  somewhat  similar 
results  are  obtained.  In  the  three  tables  which  follow,  certain  species 
(marked  with  an  asterisk)  are  included  which  range  into  the  China 
Sea  or  to  the  Celebes  region.  Of  course  it  is  likely  that  nearly  all 
the  species  considered  have  a  much  more  extended  distribution  than 
the  limited  data  warrant  us  in  asserting. 

It  will  be  seen  that  25  species  have  relatives  in  the  Indian  region, 
although  in  some  cases  showing  kinship  with  Pacific  or  Moluccan 
forms;  12  have  related  forms  in  the  region  from  Celebes  to  Torres 
Strait;  12  have  related  species  ranging  to,  or  so  far  as  known,  con- 
fined to  the  Hawaiian  Islands;  7  have  Japanese  affiliations  (shared 
in  some  cases  with  Indian  connections) ;  and  5  others  have  represent- 
ative forms  in  distant  parts  of  the  Pacific.  One  form,  not  listed  be- 
low, Astropecten  vappa  inaequdUa^  is  closely  related  to  A.  vappa  of 
New  South  Wales  and  southwest  Australia. 

PmuFPiNB  Species  with  afpabent  nearest  Relatives  in  the  Indian  Region. 


Philippine  species. 


Related  species. 


Habitat  of  related  species. 


AUroptOen  mindanentis., 

Attropeetmtendlut 

AttnlpeetmpeikdlttHt.... 

PtOMHerfoM 


A.  anderioni 

A.  9rUgi  Eoehler 

do 

il.  teneHtM  Fisher  > 

P.  o^oMizi  (Koehler)  not  very  close. 
P,nbu8tu»  Fisher 


Bay  of  Bengal 

Bay  of  Bengal,  Indian  Ocean. 

Do. 
Philippines,  Shallower  water. 
Bay  of  Bengal. 
Moluccas. 


1  In  a  number  of  cases  2  related  species  are  given. 
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Philippine  Species  with  appabent  nearest  Relatives  in  the  Indian 
Region — Continued. 


Philippine  species. 

Related  species. 

Habitet  of  related  speoles. 

P.  cododtOfi  Aloock 

Andaman  Sea. 

P.  mitakifrui*  Goto 

Japan. 

IHptacaHer  imperiaUi 

D.  tlttdeni  Alcoek 

Andaman  Sea. 

Hawaiian  Islands. 

Luidia  avicularia 

L  integra  Koehler 

Andaman  Islands. 

LvUia  gymnochora 

Japan. 

Toromandel  (3oast,  India. 

*Ch€lT(uternl(uletu 

C  inovt  Visher 

HawAiian    Island'Si    Bay    of 

C.  pOottM  (Alcoek) 

Bengal. 
Gulf  of  Manaar. 

RoMster  nannus 

R  txynAnis  (Koohlet) 

Aiidi^*Tii<Lf^  Islands 

ItymphaHer  eurypka 

N.  bdli  (K<»h)Br) 

Do. 

N.  terwUii  (Eoehler,  not  Peirier). . . 
N.aardinfriiBen).. 

Bay  of  BenfEal,  Indian  Oooao 

Western  Indian  Ocean. 

Jfjnn'phatUr  mucrtmaitu 

N  6*Mi(Koohlor) 

Andaman  Islands. 

L.pentaphyUai  Alcoek) 

Andaman  Sea. 

Anlhenoide*  criHatu* 

A  iwrifwfAlcock) 

Do. 

Fnmia  kemiopla 

F  ormato  Kioehter.  x 

Andaman  Islands. 

Nardoa  tumulua 

JV./rtxiUi  Koehler 

Andaman  Islands,  Philippine 

Islands. 
Mauritius. 

LeUutrr  anaHoQut 

L.eorUtceut  Peters 

Hetvrida  arepHiOtt, 

H,  mutoiM  (Koehler) 

Andaman  Islands. 

AcaiUhatUr  brecUvinut 

A '.  mauritimiis  de  Lisrlol? 

Mauritius. 

^Zorwuttr  opkiicua 

Z.  oZ/r«f<  Aloock 

Bay  of  Bengal 
Andaman  Sea. 

Z  eorifMttu  Alcoek 

*Cn»midMt€r  wfoUL^ 

Czra  (Alcoek) 

Laceadive  Sea. 

C  s^pwrntins  (Alcoek) 

Laccadive  Sea;  Oulf  of  Manaar. 

DUtoUuHniaa  hypacanika 

D.  moMpkonu  (Alcoek)? 

Britingairaehiflitoa 

B.  andamanica  Alcoek 

Do. 

*  Species  so  marked  range  outside  the  Philippines. 

Philippine  Species   whose  neabest  Relatives   have  been  taken  in  the 
Region  of  the  Celebes  and  Moluccas,  ob  Banda  and  Abafuba  Seas. 


Philippine  species. 

Belated  species. 

Habitat  of  related  species. 

il.aeanM/^Sladen 

Banda  Sea. 

Attropeeien  eucnemit 

A.  ifranidatiu  MQller  and  Troschel. . 
P  ro&iM<iM  Fisher 

Banda     and     Arafuia    Seiuii 

PHUutergoM 

Moluc(»s. 

PertephonatUr  tuluentU 

P.  wttttfciiMati*  Fisher 

Celebes. 

Koremastn  e.  tpkulattu 

K  evaviu*  Fisher 

Do. 

LuWaprUmota. 

X» /brl!d/«ra  Slaien       

Arafura  Sea:  Torres  Strait 

PeetintuUr  tn.  paiawofMntit 

P.  mtmfctM  (Sladen) 

Celebes:  Arafura  Sea. 

Phoiidaiter  tqtMmatut 

P.  dfatinrttM  Sladen 

Banda  Sea. 

Para^onatter  c.  hypaamthui 

NymphaHer  meseret 

P.  dtnipes  Sladen 

Arafura  Sea. 

N.  arthrocnemia  FlahST      

Celebes. 

PefUaexroptis  tyloderma 

P.  obttuata  (B.  de  St.  Vincent) 

B  rUUriD6dotliiin 

Ambolna;  PhiUppinee. 

Bunatter  lithodtt 

Philippine  Species  whose  appabent  neabest  Relatives  live  in  the  Pacific. 


PhiUpphiespedes. 

Belated  species. 

Habitat  of  related  spedei. 

C.  aiipatu$  ( Retdos) 

N.,  E..  and  S.  Padlio;  N.  At- 

Attropeeten  eremieus 

A .  puHUulus  Fisher 

lantfc. 

C.  mdtrtei  (de  Loriol) 

Japan. 
Hawaiian  Islands. 

Ctenophoraster  diplocteniui 

PntephonasUr  euryactis 

P.  misakUnsea  Ooto 

Japan. 
Do. 

do 

TritonaKter  evoru» 

T.  eraspedotut  Fisher 

Hawaiian  Islands. 

DiptaeaUer  imperialU 

D.  nemtM  Fisher 

Hawaiian  Islands;  Moluocas. 

2>.  «2ad«ni  Alcoek 

Andaman  Sea. 

Patagiatter  tphaeHopka 

P.  «ttttto^«  Fisher 

Hawaiian  Islands. 

L.  aHhenowma 

California. 

Luidia  avtcularia 

L.  moroUoana  Goto 

Japan. 
Andaman  Islands. 

X.  inteflfo  Koehler 

*  Species  so  marked  have  a  known  range  outside  the  Philippines. 
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Philifpins  Speciss  whose  afpabent  nsabest  Relatives  live  in  the  Pagitio — 

Continued. 


Fbflippiiie  species. 

Belated  species. 

Habitat  of  related  species. 

^CkeintlernUuicut 

0.  inopt  Fisher 

Hnwaiian  Islands:  Bav  of  B«ii- 

CkdnsUr  gtudUu 

C.  <nydeH  Fisher 

gal. 
Hawaiian  Islands. 

ChdratUr  Somedcae 

do 

Do. 

Cerantattir  tmWU 

a  darki  Fisher  (not  close) 

W.  coast  of  North  Amerioa. 

AttToeeramHs  Uonahu 

A.eaUifMrphutVUhBT...'. 

Hawaiian  Islands. 

OittUuter  corwnetei 

A.  eaiUmorvhiu  (not  cioae) 

Do. 

apedfceBcrttFishOT.....'. 

Do. 

AtUrodiaeiu%aoHotu» 

A  <hmcaliM  Coleman 

8.  and  8.  E.  Australia. 

Aiterina  eoronata  euercea 

A,  eoronata  enstata  Fisher 

Caroline  Islands;  N.  AustralDi 

Japan. 

Lcjpko^er tulutntQ^ ......  ^...^^^x 

L,furciUiaer¥\ibier 

wfooast  of  North  America. 

PUruiUr  o6f«if«  mwmotut 

Japan. 

Bfnuiuuter  bt^udii 

N.  coast  of  New  Guinea. 

C.  o/derK  Fisher 

Hawaiian  Islands. 

*  Species  so  marked  have  a  known  range  outside  the  Philippines. 
*IV.  Analysis  of  Species  taken  otttside  of  Philippine  Waters. 

(a)  Species  confined  so  far  as  known  to  the  China  Sea  but  not  oc- 
curring in  Philippine  waters: 

Persephonaster  tenuis.  Anthenoidea  litkoaorua. 

Luidia  orisntalis.  Marginaster  patunspintu. 

(b)  Species  taken  only  in  the  Celebes  and  Moluccan  region: 

Radiaster  notabUis.  Astrostephane  moluecana. 

Solaster  tropicus. 

{c)  Species  taken  from  Celebes  waters  only: 

1.  Strait  of  Macassar — 


Bentkopecten  styraoius. 
ToTsaster  distichopus. 

2.  Gulf  of  Tomini— 

PersepJumctster  mono- 
stoechus. 
Koremaster  evaulus. 
Psevdarchaster  oligo- 
poms. 

8.  Buton  Strait— 

Persephonaster  multi- 

cinctus.  . 
Aphroditaster    micro- 

ceramus. 
Nymphaster   arthrocne" 

wis. 
Ferdina  glyptodisca. 


FreyeUaster  spatuUfer. 


Myxaster  medusa. 
Hymenaster    rhodopep- 
plus. 


Paranepanthia   platy- 

disco. 
Bythiolophus     acanthi- 

nus. 
Brisingenes  mimiccu 
Brisingenes  anchista. 
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4.  GulfofBoni— 

Oheirastertriplaoanthfss.  Croasaster  8Cotophilua. 

Benthopeeten     polyote-  Diplopteraster  rrndtipes 

fdu8.  patagiatus. 

Nymphaster   airthtocfne-  Pedieellaate*'  chdrophar- 

mis.  us. 

6.  Flores  Sea:  Cheiraster  ludwigL 

{d)  Species  taken  only  among  the  Molucca  Islands: 

Prianaster  megaloplax.  Dissogenes  styrada. 

PsUaster  robustus.  Xenorias  polyctevius. 

Benthopeeten  moluccainus.  Pteraster  corynetes. 

Nymphaster  m/>lucemms,  Zoroaster  microporus. 

Anthenoides  gramdosus.  _  • 

(e)  Species  common  to  the  Molucca   and  Hawaiian  Islands: 
Dipsacaster  nesiotes. 

if)  Species  common  to  the  Moluccas  and  Philippines,  lists  i  and  j 
under  II. 

(g)  Bathymetric  Distribution  (see  also  I  under  11) : 

1.  From  less  than  100  fathoms:  Ferdina  glyptodisoa. 

2.  From  between  100  and  200  fathoms: 

Persephonaster  tenuis.  Marginaster  paucispinus. 

Dissogenes  styrada. 

3.  From  between  200  and  800  fathoms: 

Prionaster  megaloplax.  Anthenoides  granulosus. 

Dipsacaster  nesiotes.  Paranepanthia  platydisoa, 

Luidia  orientalis.  Xenorias  polyctenius. 

Nymphaster  m/>luccanus.  Pteraster  corynetes. 

Anthenoides  Uthosorus.  Astrostephane  moluccana. 

4.  From  between  800  and  500  fathoms: 

Benthopeeten   m/>luC'  Diplopteraster  multipes 

canus.  patagiatus. 

Solaster  tropicus.  Tarsaster  distichopus. 

PediceUaster  chiroph^orus. 

5.  From  between  500  and  700  fathoms: 

PsUaster  robustus.  Cheiraster  ludwigi. 

Persephonaster      muUi-  Radiaster  notahUis. 

cinctus.  Aphroditaster  micro^ 

Cheiraster  triplacanthus  ceramus. 

(700). 
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Nymphaster  arthroonemis. 
Crassaster  8Cotophilu8  (700). 
Myxaster  medusa. 
Zoroaster  micToporuB. 

6.  From  between  701  and  901  fathoms 


Bythiolophua  aeanthdnue. 
Brisingenes  ndmica. 
Brisingenes  ano?U8t€u 


Benthopecten     styraoius 

(901). 
Hymenaster  rhodopeplus. 
FreyeUaster  spatulifer  (901 ) . 


Persephonaster  mono- 

atoechus. 
Koremaater  evaulus. 
Benthopecten      polycte- 

7UUS. 

7.  From  between  901  and  1^00  fathoms:  Peeudao'chaster  oU- 
goporus  (1092). 

v.  RELATIONBHIPfl  OF  GeUEBEB-MOLUCCAN   SpBCDBS. 

As  already  pointed  ont  in  Section  I  there  are  19  species  common 
to  the  Philippines,  Celebes,  and  Moluccas,  or  tha  seas  to  the  south. 
The  Moluccan  area  is  included  in  the  range  of  most  of  the  25  Indo- 
Pacific  species  listed  in  Section  I,  a,  &,  and  c. 

In  the  table  below  are  listed  24  Celebes  and  Moluccan  species  (not 
collected  outside  this  region)  and  their  nearest  known  relatives. 
Nine  have  relatives  in  the  Bay  of  Bengal,  Laccadive  Sea,  or  Indian 
Ocean  adjacent  to  these  areas;  3  have  Philippine  affiliations;  8 show 
a  tendency  toward  Japanese  forms,  and  2  have  Hawaiian  relations 
(in  addition  to  one,  Dipsacaster  nesiotea,  common  to  the  two  regions). 
The  remainder  are  scattered  as  far  as  the  Azores,  Marion  Island,  and 
the  north  Atlantic. 


Soke  Celebes  and  Moluccan  sPEcnca  with  appabbnt  neabebt  Relatives. 


Odebe»-]f olnocan  spedw. 


Related  special. 


Habitat  of  lelated  spedei. 


Prkmattermegahplttx 

FiBaMernbuttiu 

PmejiltoniuUrmonottoeehut.. 

CktniUrludwiii 

CkdnstertHplMttnihui 

Beaa»pedenmoliieeanut 

MaUk^ieeten  jMiyeUfUva 

BenAojpeden  ttpuehu 


RgHuternotabittt , 

PttHdarelMHer  ottgoponu... 

AvkndUasUr  mkneeramut. . 

JTimpkoiter  moluccanw 

AvOinoUa  gnntiloaut 

ftrihaglntodUea 

PanepaiOia  platpd^. . ., 

SUatUrtropktu 

Cnmtta  teotopkUui , 

MfutUrnuduta. 
FUmUreonfneUi 
mptopUntter  m. 
BpMutUr  rhodi 


imutermknponu. 
TmatUriUaaoput. 


P.  anaJogtu  Vishet 

P.goMlnahBt , 

P.  rotiM  Koehler , 

P.  dn^ttloliM  (Fiaher) 

P.  eroceut  Alcock  and  Wood-Hason. . 

C.  truUipea  (Bladen)  not  close 

C.  aubtfiherevkuua  ia]aden) 

B.huddUtUmiiiklooek) 

B,  violaeew  (Aiooek) 

B.vMaceva(AUiock) 

B.  poiveteniut 

«.  tfawdi  (Sladen) 

R,  elegans  Tenisr 

P.  peetMfer  Ludwie  (not  close) 

P.  alMontw  Fisber  (not  dose) 

il.ffradlfo  Bladen 

N.Mwigi  (Koehler) 

A.evfxanthiu(Viab6r) 

F.oWretl  Koebler 

P.  broeftioto  (Koehler) 

8.  paxfOalttf  Bladen , 

C.japonieu»  (Fisher) , 

C.  penkUl(Uu$  BleAen , 

Jf.  «o2  Perrier 

P.  $emiretieulahu  Bladen 

D.  mtUtipes  (Ban) 

£r.»oW/&  Bladen 

£r.  *o«W<rt  Fisher 

Z.  borathH  Alcock 

T.  stoiehodu  BlBdisn , 


Philippine  Islands. 

Indian  Ocean. 
Hawaiian  Islands. 
Gulf  of  Manaar. 
West  of  Luxon. 
Off  eastern  Aostralia. 
Bay  of  Bengal. 
Laoeadive  Ma. 

Do. 
Celebes. 
North  Atlantic. 
West  Indies. 
Eastern  Paciftc. 
North  Padflo. 
Azores. 

Vldnity  Laccadive  Islands. 
Hawaiian  Islands. 
Ceylon  and  Andaman  Islands. 
Andaman  Islands. 
Japan;  North  Padflc. 
Japan. 

Marion  Island. 
Atlantic. 
Marion  Island. 

North  Padflc:  north  Atlantic 
South  of  Austraiia. 
North  Padflc. 
Bay  of  Beneal. 
North  of  Admiralty  Islands. 


13434— Bull.  100—19- 
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Previous  to  the  Albatross  expedition  Goniopeaten  and  Prionastery 
two  well-marked  genera  composing  the  Goniopectininae,  were  known 
only  by  a  single  species  each  from  the  West  Indies.  A  very  different, 
nearly  subgenerically  distinct  species  of  Oomopecten  was  collected 
in  the  Philippines,  and  3  new  forms  of  Prionaster  were  added,  one 
of  which  is  close  to  the  type,  while  the  others  are  entirely  different. 
The  capture  of  a  very  distinct  Ctenodiscus  in  the  Philippine  and 
Moluccan  region  greatly  extends  the  range  of  this  genus. 

A  new  species  of  the  Indian  genus  Sidonaster  was  added,  and  the 
range  of  Sidonaster  vaneyi  greatly  extended. 

The  number  of  new,  delicate  deep-water  Astropectens  and  of  ne^^ 
Persephonasters,  LuicLias,  Benthopectens,  Sosasters,  and  Nymphas- 
ters  is  perhaps  noteworthy. 

The  following  genera  previously  known  only  from  distant  Atlantic 
stations  have  provided  each  a  new  species :  Radiaster  (olim  Mimas- 
ter) ,  Aphroditaster^  Peltaster^  Marginastery  and  Myxaster. 

The  well-known  Diplopteraster  rrvultipes  is  represented  in  Celebes 
waters  by  a  small  species  or  subspecies  apparently  most  nearly  re- 
lated to  the  Japanese  variant  of  true  rrvultipes. 

Additions  to  genera  first  made  known  by  the  Albatross  in  Ha- 
waiian waters  in  1902  are  as  follows: 

Ctenophoraster  (second  species). 

Tritonaster  (second  species). 

Patagiaster  (second  species). 

Astroceramtis  (third  and  fourth  species). 

Among  the  new  generic  types  the  following  are  rather  isolated: 
Benthogenia^  AteloriaSj  Dissogenes,  Tarachaster^  Bythiolophus. 

The  following  are  also  monotypic,  but  their  nearest  relatives  are 
fairly  obvious  and  are  indicated  in  parentheses : 

AstromesUes  (Persephonaster) . 

Anthosticte  {Tethyaster^Moiraster). 

Perissogonaster  (Paragonaster) . 

Pontioceramus  (Eugoniaster  and  PUnthaster) . 

AstrotJumma  (CaUiaster). 

HdUtyle  {Ctdeita  and  Oreaster;  a  second  species  siibseqiienily 
described). 

Xenorias  (Rhipidaster). 

Hymenasterides  (Hymenaster) . 

Additional  new  genera : 

Ctenopleura  (Astropecten) . 

Koremaster  {Dy taster). 

Lithosoma  (Iconaster). 

Paranepcmthia  (Nepanthda). 

FreyeUaster  (Freyella). 

Brisingenes  (Brisinga). 
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BriHngeUa  (Brisinga). 

Aitrostephane  (Briringa). 

Oraterobriainffa  (Britmga). 

Stegnohridnga  (Briainga). 

Taking  the  collection  as  a  whole  it  is  characterized  by  the  numer- 
ous species  belonging  to  the  Phanerozonia  (189)  and  the  few  which 
fall  in  the  Spinulosa  and  the  Forcipulata,  these  being  mainly  deep- 
water  forms.  There  are  but  8  species  of  Asteriidae,  a  family  very 
poorly  represented  at  any  depth  in  the  Tropics,  while  extraordinarily 
numerous  in  the  north  Pacific,  particularly  on  the  American  coast. 
The  census  of  species  by  families  is  as  follows: 
PorceUanasteridae^  4.  PoratUidae^  1. 

Ooniopectinidae^  5.  Asterifiidaey  9. 

Astropectinidae^  86.  Echmaateridae^  6.    . 

LuidUdaey  8.  Aoanthasteridae^  2. 

Archasteridae^  2.  Sdlaateride^  4. 

BenthopectifUdae^  12.  Myxasteridae^  1. 

Radiasteridae^  1.  Pteraateridae^  7. 

Goniaateridaey  89.  Zoroaateridas^  6. 

Oreaateridae^  9.  Asteriidae^  8. 

Linckiidaey  21.  PediceUaateridae^  8. 

Metrodiridae^  1.  Briamgidae^  12. 

Oaneriidae^  1. 

The  following  species  attributed  to  the  Philippine  Islands  were 
not  secured  by- the  Albatroaa  expedition : 

Aatropecten  imbeUia  Sladen ;  Sladen,  1889. 

Dyataater  inermia  Sladen,  Celebes  Sea;  Sladen,  1889. 

Cheiraater  trvJUpea  (Sladen) ;  Sladen,  1889. 

Anthenea  apvnuloaa  (Gray) ;  Gray,  1840. 

Oreaater  productua  tuberabua  (Sladen) ;  Sladen,  1889. 

Pentaoeropaia  ohtuaata  (Bory  de  Saint  Vincent) ;  Sladen,  1889. 

Ophddiaater  puaiUua  (Miiller  and  Troschel) ;  Muller  and  Troschel, 
1842. 

Nardoa  ohtuaa  (Perrier) ;  Perrier,  1876. 

FreyeUa  echinata  Sladen ;  Sladen,  1889. 

UST  OF  STARFISHES  REOORDBD  FROM  OELEBES  AND  THE  MOLUO 
CAS,  INCLUDING  BOURO,  AMBOINA,  AND  CERAM. 

Species  marked  with  an  asterisk  were  taken  by  the  Albatroaa  in 
tins  region. 

Acanthaater  planci  (Linnaeus).  Bay  of  Amboina  (de  Loriol, 
^98:387;  Doderlein,  ^96:820);  Moluccas  (Sluiter,  '96:68).* 

Anthanea  flaveacena  (Gray) .    Moluccas  (Sluiter,  ^95 :  806) . 

^  These  abbreviated  citations  refer  to  Bibliographic  index ;  the  first  figure  indicates  th' 
year,  the  second  the  page. 
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I 

^Anthenoides  granulosus  Fisher.  Between  Oillolo  and  S^yoa, 
Moluccas. 

*AphrodUaster  rrucroceranvus  Fisher.    Buton  Strait,  Celebes. 

Archaster  typicus  Miiller  and  Troschel.  Bay  of  Amboina  (de 
Loriol,  '93 :  378 ;  Doderlein,  '96 :  305) ;  Batjan,  Moluccas  (von  Martens, 
'66 :  84) ;  Moluccas  (Sluiter,  '96 :  62) . 

Aaterias  tenuiapina  Lamarck.  Moluccas  (Miiller,  Wieg.  ArchiT., 
'43).^ 

Asterina  cepheus  (Miiller  and  Troschel).  Bay  of  Amboina  (de 
Loriol,  '93:383;  '96:316) ;  Moluccas,  Amboina  (Sluiter,  '95:59). 

Asterina  coronata  von  Martens.  Batjan,  Moluccas;  Amboina 
(von  Martens,  '66:73). 

Asterina  exigua  (see  PatirieUa  exigua). 

Asterina  penicUlaris  (see  Asterinopsis  peniciUaris) . 

Asterinopsis  penicUlaris  (Lamarck).  Moluccas,  (von  Martens, 
'66:74). 

Asterope  carinifera   (Gray).     Amboina    (von  Martens,  66:74 
Doderlein,  '96:316) ;  Moluccas  (Sluiter,  '95:59). 

Astropecten  acanthifer  Sladen.    Banda  Sea  (Sladen,  1889). 

Astropecten  alatus  Perrier.    Amboina  [Ambon]  (Sluiter,  '95:53 
Doderlein,  1917:174). 

Astropecten  andersom  Sladen.    Moluccas  (Doderlein,  1917:177) 

Astropecten  handanvs  Doderlein.    Banda  Sea,  204  meters  (Doder 
lein,  1917:50,  118,  175). 

Astropecten  celebensis  Doderlein.  South  Celebes,  462  meters  (Do- 
derlein, 1917 :  50, 118, 175) . 

Astropecten  polyacanthus  Miiller  and  Troschel.  Amboina  (de 
Loriol,  '93) ;  Moluccas  (Sluiter,  '95:53). 

Astropecten  tematensus  Sluiter.    Moluccas  (Sluiter,  '95:53).* 

Astropecten  velitaris  von  Martens.  Amboina  (von  Martens, 
'65:360);  Doderlein,  '96:307).  Macassar,  27-32  meters  (Doderlein, 
1917:159). 

Astropecten  zebra  sihogae  Doderlein.  Macassar,  27-32  meters  (Do- 
derlein, 1917:54,  156,  182). 

*  Astrostephane  moluccana  Fisher.  Buton  Strait,  Celebes;  vicin- 
ity of  Kayoa  and  Gillolo,  Moluccas. 

*Ateloria8  anacanthus  Fisher.    Gulf  of  Boni,  Celebes. 

*  BentTiopecten  moluccanus  Fisher.    Molucca  Passage. 

*  Benthopecten  polyctenius  Fisher.    Gulf  of  Boni,  Celebes. 

*  Benthopecten  styracius  Fisher.    Strait  of  Macassar. 

*  Brisingenes  anchista  Fisher.    Buton  Strait,  Celebes. 

*  Brisingenes  mimica  Fisher.    Buton  Strait,  Celebes. 
Bunaster  ritteri  Doderlein.    Amboina  (Doderlein,  96 :  318) . 

*  Possibly  Cosolnasteriaa  C€Uamaria, 

*  See  D5derleln,  1917,  p.  72.  DOderleln  considers  this  species  to  be  A.  irregularU  serrata 
Mttller  and  Troschel  '*mlt  nnrichtlgem  fundort." 
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*  Bythiolophus  acanthinus  Fisher.    Buton  Strait,  Celebes. 
*Cheira9ter  niasicus  Ludwig.    Gulf  of  Boni,  Celebes;  Molucca 

Passage;  vicinity  of  Gillolo,  Makyan  and  Eayoa,  Moluccas. 

*  Cheiraster  triplacanthtu  Fisher.    Gulf  of  Boni,  Celebes. 

*  Choriaster  granulatus  Liitken.  Togian  Bay,  Togian  Island,  Gulf 
of  Tomini,  Celebes. 

^Cnemidaater  wyvUlii  (Sladen).    Gulf  of  Tomini,  Celebes. 

*  Caranaater  halicepw  Fisher.    Off  Molucca  Passage. 
*Cros8a8ter  acotophilua  (Fisher).    Gulf  of  Boni,  Celebes. 
^Ctenodiacua  arientalia  Fisher.    Molucca  Passage;  Gulf  of  Boni 

and  Gulf  of  Tomini,  Celebes. 

Cfdcita  arenosa^  Perrier.  Amboina;  Ceram  Laut  (Hartlaub,  '92) ; 
Amboina  (Doderlein,  '96:315). 

Culcita  grex  Miiller  and  Troschel.  Moluccas  (Hartlaub,  '92) ; 
Bay  of  Amboina  (de  Loriol,  '93:882). 

Culcita  novae-guineae  Miiller  and  Troschel.  Amboina  (Hartlaub, 
'92;  Doderlein,  '96:310);  Moluccas  (Sluiter,  '95:51). 

Culcita  plana^  Hartlaub.    Amboina  (Hartlaub,  '92). 

Culcita  schmideliana  (Eetzius).  Amboina  (von  Martens,  '66:71, 
as  C.  discoidea). 

*  Diplopteraster  muitipes  patagiatus  Fisher.  Gulf  of  Boni, 
Celebs. 

*Dipsaca8ter  nesiotes  Fisher.  Between  Gillolo  and  Makyan, 
Moluccas. 

*  Diasogenes  atyracia  Fisher.    Off  Temate. 

Dytaster  inennia  Sladen.    North  of  Celebes  (Sladen,  '89). 

*  EcTdnaater  calloaua  von  Marenzeller.  Binang  Unang  Island, 
Gulf  of  Tomini,  Celebes. 

Echinaater  eridaneUa  Miiller  and  Troschel.  (See  OthUia  eridor 
neUa). 

Echinaater  purpureua  Gray.    (See  OthUia  purpurea.) 

*Ferdina  glyptodiaca  Fisher.    Buton  Strait,  Celebes. 

*Freyellaater  apatulifer  Fisher.    Strait  of  Macassar. 

Frorma  miUeporella  (Lamarck).  Amboina  (von  Martens  '66:70) ; 
Moluccas  (Sluiter  '95 :  60). 

Fromia  monUia  Perrier.    Amboina  (Studer,  '84:80). 

[GofUaater  cuapidatua  (Gray).  Celebes  (von  Martens,  '66:86,  as 
aemUunatua)']. 

Goniodiacaater  pleyadella  (Lamarck).  Moluccas  (von  Martens, 
'66:86). 

Gymnaateria  carinifera.    (See  Aaterope  carinifera). 

*Hymenaater  rhodopeplua  Fisher.    Gulf  of  Tomini,  Celebes. 

*  Eymenaateridea  zenognathua  Fisher.  Molucca  Passage,  near 
Makyan  Island. 

^  Regarded  as  a  race  or  rariety  of  novaeguineae. 
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Karemaster  evaulus  Fisher.    Gulf  of  Tomini,  Celebes. 

Leiaster  leachu  (Gray).    Moluccas  (Sluiter,  '96:60). 

Linckia  laevigata  (Linnaeus).  Strait  of  Macassar,  Celebes;  Bat- 
jan,  Moluccas;  Amboina  (von  Martens,  '66:65);  Bay  of  Amboina 
(de  Loriol,  '98:885;  Doderlein,  '96:819). 

Linckia  gtnildingii  Gray.    Amboina  (Sluiter,  '95:60,  as  paoifica). 

*  Linckia  nuuUifora  (Lamarck).  Strait  of  Macassar,  Celebes; 
Amboina  (von  Martens,  '66:66;  Sluiter,  '95:60;  and  Doderlein, 
'96:319,  Amboina) ;  Tomahu  Island,  near  Bouro  Island  (Albairosa). 

Linckia  rosehbergi  von  Martens.   Amboina  (von  Martcois,  '66 :  64) . 

Luidia  maculata  Miiller  and  Troschel.  Bay  of  Amboina  (de 
Loriol, '98:379). 

Metrodira  mbulata  Gray.  Amboina  (von  Martens,  '67:109; 
Studer, '84:81). 

Mithrodia  clavigera  (Lamarck).  Moluccas  (von  Martens,  '66:59, 
as  Echinaater  echhmlaius;  Sluiter,  '95:88);  Amboina  (Doderlein, 
'96:822). 

*  Myxaster  medusa  (Fisher) .    Gnlf  of  Tomini,  Celebes. 

Nardoa  galatheae  (Liitken).  Togean  Island,  Gulf  of  Tomini, 
Celebes  (Sladen, '89). 

Nardoa  novae-caledomae  (Perrier) .   Moluccas  (Sluiter,  '95 :  60) . 

Nardoa  pauciforis  (von  Martens).    Amboina  (Sluiter,  '95:61). 

Nardoa  semiregularis  (Miiller  and  Troschel).  Moluccas  (Sluiter, 
'95:61). 

*  Nardoa  tuberculata  Gray.  Amboina  (von  Martens,  '66:61,  as 
Linckia  tuberculata;  de  Loriol,  '98:886;  Doderlein,  '96:819) ;  Moluc- 
cas (von  Martens,  '66:61;  Sluiter,  '95:61);  Great  Tobea  Island, 
Buton  Strait,  Celebes  (Albatroes). 

Nectria  oceQifera  (Lamarck).  Amboina  (Ambon)  (Sluiter, 
^95: 55). 

Nymphaster  moluccanua  Fisher.  Vicinity  of  Makyan,  Gillolo,  and 
Kayoa,  Moluccas. 

*  Nymphaster  artkrocnemds  Fisher.    Buton  Strait,  Celebes. 
Ophidiaster  cyUndricus  (Lamarck).    Amboina  (Sluiter,  '95:60; 

Moluccas  (Sladen, '89). 

*  Ophidiaster  fuscus  (Gray) .   Kalono  Point,  Buton  Strait,  Celebes; 
Ophidiaster  purpureus  Perrier.     Bay  of  Amboina   (de  Loriol, 

'93 :  885 ;  Moluccas  (Sluiter,  '95 :  60) . 

Ophidiaster  pusiUus  Miiller  and  Troschel.  Moluccas  (Sluiter, 
'95:60). 

Ophidiaster  pustulatus  (von  Martens).  Amboina  (von  Martens, 
'66:68;  Doderlein,  '96:817). 

Oreaster  affinis  (Miiller  and  Troschel) .  ^Moluccas  (Sluiter,  '95  i  66) . 

Oreaster grayi  Bell.    Moluccas,  Amboina  (Sluiter,  '95 :  55). 

Oreaster  hiulcus  (Gray.)    Moluccas  (Sluiter,  '95:56). 
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Ore<i8terUncku  (de  Blainville).  Moluccas  (Sluiter,  '95:66,  as 
muricattis). 

Oreaster  nodosvs  (Linnaeus).  Bay  of  Amboina  (de  Loriol,  '93: 
S80,  as  turritvs) ;  Moluccas  (Sluiter,  ^95: 56,  as  turritua). 

Oreaster  sladeni  (de  Loriol).    Moluccas  (Sluiter,  '95:56). 

Oreaster  reinhardti  Liitken.    Temate  (Sluiter,  '95:56). 

OtMUa  eridaneUa  Miiller  and  Troschel.  Bay  of  Amboina  (de 
Loriol,  '93:891;  Doderiein,  '96:322;  Moluccas  (von  Martens,  '66:85; 
Sluiter,  '95 :  64).    Probably  the  same  as  O.  purpurea. 

OthiZia  purpurea  Gray.  Amboina  (von  Martens,  '66 :  60,  as  Eohi- 
naster  faUax;  '67:107,  as  purpureus) ;  Moluccas  (Sluiter,  '95:64). 

* Paranepanthia  platydisca  (Fisher).    Buton  Strait,  Celebes. 

PathieUa  exigua  (Lamarck).  Bay  of  Amboina  (de  Loriol, 
'98:384;  Moluccas  (von  Martens,  '66:74;  Sluiter,  '95:59). 

*Pectinaster  hylacanthus  Fisher.    Molucca  Passage. 

*Pectinaster  mmdcus  (Sladen).  Gulf  of  Tomini,  Celebes;  Ma- 
cassar Strait;  Gulf  of  Boni,  Celebes;  off  Batjan,  Moluccas  {ATbor 
tross). 

*PedioeUa8ter  chirophorus  Fisher.    Gulf  of  Boni,  Celebes. 

Pentaceropsis  obtusata  (B.  de  St.  Vincent).  Amboina  (de  Loriol, 
'93:381;  Doderiein,  '96:310);  Moluccas  (von  Martens,  '66:82). 

*Persephona8ter  monostoech/us  Fisher.    Gulf  of  Tomini,  Celebes. 

*Per8ephona8ter  multicinctua  Fisher.    Buton  Strait,  Celebes. 

*Priona8ter  megciloplax  Fisher.  Vicinity  of  Gillolo,  Makyan,  and 
Eayoa,  Moluccas. 

^Pseudarckaster  jordani  Fisher.    Molucca  Passage. 

^Pseudarchaster  oUgoparue  Fisher.    Gulf  of  Tomini,  Celebes. 

^PsUaster  rohustus  Fisher.    Batjan  Island,  Moluccas. 

*Ptera8ter  corynetea  Fisher.    Molucca  Passage. 

*Radia8ter  notahUis  Fisher.  Batjan  Island,  Moluccas;  Gulf  of 
Tomini,  Celebes. 

Retaster  insigvis  Sladen.  Amboina  (Simpson  and  Brown,  1910: 
60,  as  cribrosus). 

Solaster  tropicus  Fisher.    Gulf  of  Boni,  Celebes;  Molucca  Pas- 


StegnoMsinga  placoderma  Fisher.    Buton  Strait,  Celebes. 
SteUasfer  helcheri  Gray.    Amboina  (Gray,  '47:76). 
SteZlaster  incei  Gray.    Amboina  (Sladen,  '89). 
*Tarsaster  distichopus  Fisher.    Strait  of  Macassar. 

*  Xenorias  polyctenius  Fisher.    Off  Makyan,  Moluccas. 

*  Zoroaster  microporus  Fisher.    Off  Amblan  Island  (near  Bouro 
Island)  Moluccas. 

^Zoroaster  ophiactis  Fisher.    Gulf  of  Tomini  and  Buton  Strait, 
Celebes. 
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LIST  OF   DREDGING   STATIONS   AT  WHICH   STARFISHES  WERB 
SECURED,  WITH  THE  SPECIES  TAKEN  AT  EACH. 


Sta- 
tion. 


0009 

5104 

5109 

5111 

6112 
5113 
5114 

5115 

5116 

5117 

5118 
5131 

6132 
5134 
6133 

5130 

6134 
5135 


6138 
6140 
6141 
5144 
5145 
6146 


5147 
5149 


5163 
6163 

5166 

6157 

5168 


Locality. 


4.8  miles  SW.  Cknregidor 

Light    (W    18'    65"    N.; 

12(^31' 20"  E.). 
China    Sea,    off    southern 

LuEon   (14*   46'  48"   N.; 

120'  12*  20"  E.). 
36.8  miJes  8W.  Corregidor 

Light  (W  3'  46"  N.;  130* 

16'30"E.). 
Balayan  Bay.  Luzon  03* 

45' 16"  N.;  130' 46' 30"  E.). 

Balayan  Bay,  Luxon 

do 

Verde  Island   Passage,  N. 

coast  ICindoro. 
do 

If outh    of    Balayan    Bay, 
Luzon. 

Balayan  Bay,  Luzon 

do 

East  coast  of  Mindoro  (vi- 
cinity lialabrigo  Light). 

.....do 

Off   Pt.   Origon,   E.   coast 

Mindoro. 
.....do 


ty  southern 
8^  N.;  131* 

iland,  Sulu 


fJolo 
50"  N.; 


.....do 

do 

Off  Jolo  Light,  Jolo 

do 

Off  Suiade'id.,'  SW.'  'ot'jiio. 


.....do 

Off  Sirun  Id.,  Tawi  Tawi 
Oroup. 

Off   Pfi^unif^tan   Id.,   Tawi 

Tawi  Group. 
Off  Pt.  Dos  Amigos.  Tawi 

Tawi  (5*  18'  lO'^  N.;  120* 

T  66"  E.). 
Off  Tinakta  Id.,  Tawi  Tawi 

Group  (6*  12*  50"  N.;  119* 

66'66"E.). 
....do 


.do. 


Depth. 


omt, 
30 


33 

10 

236 

177 
169 
340 

340 

200 

118 

169 
108 

220 
281 


742 


26 
161 


Nature  of  bottom. 


Gray  mud,  sand, 
shells. 


Coral.. 


Dark-green  mud. 

.....do 

Fine  sand 


Dark-green  mud. 


....do 

Dark-green  mud. 


Green  mud 

Soft-green  mud., 
Green  mud 


Soft-green  mud... 


Fine  sand 

Fine  coral  sand.. 


Sand,  shells. 


Sand,  eoral 

Fine  coral  sand... 

Coral  sand 

do 

Coral  sand,  shells. 
.....do 


.....do 

Coral,  shells., 


White  sand 

Coral  sand,  shells. 

Fine  sand,  shells. 

Fine  sand 


Coarse  sand,shells. 


Bot- 
tom 
temp. 


62.4 


50.2 


49.6 


67.4 


Species  taken. 


Attropeeten  velUarU. 


AHropecten  phraffmonu. 


Othilia  purpurea. 


AHropecten   Ituonkua,    Pen*' 

pKonaner  ancMatut,  Cketatier 

tnope, 
Astropecten  luzonkut. 
PerisiOQonatter  iiuiofae. 
Penepkonatter  hahrogenft, 

Npmphaster  meteree. 
Dipiaeaater  imperUaie,    Nfw^ 

phaster  meeeres. 
Penephoniuter  anMatw,  Nfw^ 
phtuter   mueronatMi,   Ponfre- 

ceramua  grandie, 
Paragonatter   c,    hfpacanikmM, 

AfUkerutidet  eriatatua, 
Perinogontuter  inaigrtU. 
Oeniopeeten   aabukua,   Antk^ 

noidea  eriatatua,  AiUhenoide9 

ruguloaua. 
Ckekaaler  gazeUae,  AiUhenoide9 

mguloaua. 
Zoroaater  c.  pIkiUpplnenaia. 

Prionaater  analogua.  Peraepktm' 
aater  oeHpHax^  LUhoaoma  vemi' 
chra^  Zoroaater  c.  phiUppmen" 
aiaf  SriaingeUafrhgilia. 

Cteriodiacvta  orientalia. 


Aatropeeten  eucnemia. 
Aatroeeramua  aphaerteatktua. 

Oreaater     dlveoiatxu,     OtiMta 

novae-gfUneae* 
EchifMater  ealloaua. 
Echinaater  atereoaonuu, 
Oreaater  alveolatua. 
Retaater  crihroaua, 
Culcita  n.  plana. 
Oreaater  aweoUUua,  Fromia  eah 

atiehaf    Anaeropoda    maerth 

pora. 
Ophidiaster  tuberifer. 
Oreaater  alveolatui,  Aateroiiaeua 

heUmotui,  Aeantkaater  br<v^ 

apinua. 
Roaaater  nannua. 

Ophidiaater  tuberifer. 


Aatropeeten  pihragmwua,  Aa- 
tropecten  veHtaria,  Stettaata 
incei. 

Aatropeeten  pXragmorua,  Nih 
panthia  naeultttafAatr(ii)eetem 
velitaria,  Luidia  longiptna, 
SteUaater  incei. 


ter  incei. 
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LIST   OF  DRBDGING   STATIONS  AT  WHICH   STARFISHES  WERE 
SECURED,  WITH  THE  SPECIES  TAKEN  AT  BACH-<Joiitlnu€d. 


Locality. 


Depth. 


Naturaol  bottom. 


Bot- 
tom 
t«mp. 


OffTIiiftkUId..Tswi  Tawi 
Group  «•  iFso"  N.;  119* 


.do. 
.do. 


Off  Obaervatlon  Island, 
Tawi  Tawi  Qroap  (5*  01' 
40"N.;WM'aa*'E.). 


.do., 
.do., 


onj6i!iuiii^y<io. 


Off  Pt  Orlcon,  Romblon, 
12'48'N.;la*06'15"E. 

Vic.  Antonio  Id.,  off  eastern 
Panaj,  UO*  35'  40"  N.; 
138*20' 35"  B. 

do 


Between  Fanay  and  N( 

10*32'4«"N.;m'au  «. 
Tanon  8tr.,  S.  coast  of  Nenos 
Off  Balisoasaf    U.,    W. 
Bohol.  ••  W  30"  N.;  123' 
40'4fi''B. 

.do 

od  Bay,  aoatham  Leyte 

NE.  of  Badlan  Id.,  off  W. 


NW.  of  Taratara  Id.,  off  W. 
NE.  of  f  aiatara  Id.,  off  W. 
BaatofiCadwteld 


NE.  of  Taratara  Id.,  off  W. 

Bamar. 
Eastofllasbateld 


Between  Borias  and  Lnson 

(off  AnJma  Sola  Id.). 
do 


..do., 


Between   ICarindnqne  and 
Liuon. 

9.5  miles   SW.  Corregldor 

Ll^t,  Liuon. 
E.  coast  of  lOndanao,  9*  43' 

N.:  135*  48*  16"  E. 
Gnlfof  Davao,  Mindanao..-. 

do 


onu, 
10 


300 
174 


230 
6M 

36 

20 
20 
108 

218 


215 
106 


20 
680 


Coral  sand... 


*  F, 


Sand 

Fine  sand,  blade 
specks. 

Coral  sand 


Qreen  mod.. 
Coral 


Cocmlsand... 
Coataasand. 


Fine  sand 

Mod,  fine  sand. 


Fine  sand,  mud., 


Soft  green  mud... 


Oreen  mud.. 


....do 

Gray  sand,  mud. . 

Oreen  mud,  sand. 

Soft  green  mud... 

Orsenmod. 

Gray  sand,  mud.. 


63.4 


03.8 
64.8 


63.9 
62.8 


Green  mud.. 
....do 


do 

Coarse  gray  sand. 


Coarse  sand.. 
Green  mud... 


60.9 

61.4 
60.6 

08.1 


Soft  mud... 
Coral 


Coral,  sand.. 
Coral 


Atir9p$aen  pdlpomiUhiu,  Fro- 
mis  japonka,  OthUia  pur^ 
pnrea,  Narioa  Umontueri, 
J^ttrdoa  frtanti.  LuUia  sa- 
vlgnwi,  Ocniodumttr  /of/l- 
etuofiM. 

OnieUa  n.plaiM,  Narioa  f  «m«- 
lota,  OfAilia  jMWTWfca. 

AHropeeten  pkrofimorut,  JV#- 
patUkla  tudCTriafa ,  A  ttnpeeUn 
vOUarU.  BUiiatUr  taed. 

JVenloa/fian^l. 


OfWMaj    . 

Atimeiien  pcltyaoomikut,  H«- 
litj/U  Ttg^larU,  Lwldia  atpera, 
LekuUr  omalogutt  ArduMer 
anmdatfu,  OrtuUr  atoeolaf  as. 
Of  lUlia  panmrM. 

lamatter  perwttMt. 

AHropeeUn  polpoeamtlmt,  At' 
troptUen  vappa  inattwaliM, 
leonatter  Umgimamut. 

PaiagiasUr  tpkatrloplax, 

AttnpeeUn  pkmgmonut  Adffh 
peeUn  motueamikut,  LulUa 
prkmokk, 

AttropteUH  vdUarIt,  Attro- 
pmen  momoMtUhu,  Attn- 
peeten  iuenemit,  Luidia 
hngUpina. 

Zoroaster  e.  phiUppimntit. 

LuMa  gffMtoehora. 
PwoffonatUr  e.  hfpaeantkui. 


rrvcalonu. 
Ceramatter  nuUtL 

CrwpidatUrUtpenu. 

CroapUatter  ketpenu, 

CratpUatUr  httperm,  LiMki 

AHropecUn  euenentii,  An- 
tkenoides  cri$tatu$,  PhoUiaatir 
tquamatut, 

PhoUdaater  agtunnahu. 

SidonoMier  vanefi,  Penepkon^ 
aaUr  oedipitx,  ZoroatUr  e, 
pMUppinentit,  BriHn^  tra- 

NjfmphaaUf  leptodomut,  Zoro- 
atUr e,  phiUppinentit, 

OoftmatUr  haUeeput,  Odtois 
ptniehra. 

OihiUa  purpurea. 

AttropeOen  eremkut,  Pertepk^ 
onatter  oediplax,  ffenrkia  ar- 
eyttata. 

Ooronatter  volteOatut. 

Cratpidatter   hetperut,    Attro- 

peeten  phrapmorut. 
Ophidiader/uteut,  OihUia  pur- 

purea. 
OthUia  purpurea. 
Fromia  japonka,    Ophidiatter 

futeut. 
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LIST  OF  DREDGING  STATIONS  AT  WHICH  STARFISHES  WEBB 
SBOURED,  WITH  THE  SPEOIES  TAKEN  AT  EAOH— Oontinaed. 


sta- 
tion. 


LoeaUty. 


Dfpth. 


Nature  of  bottom. 


Bot- 
tom 
tomp. 


Spoeies  taken. 


6353 


S2H 


A368 
£873 

6278 

6274 

6378 

6370 
6280 
6381 


6300 

6306 
6307 

6306 
6300 
6801 

6803 

6810 
6835 
6336 


6843 


6845 

6846 
6848 


6866 

6867 


Onlf  of  Darao,  Mindanao  ... 
.....do 


.do.. 


Off  NW.  Panay,  vie.  Cahiya 

Id. 
Off  soatheastera  IChidoro.... 
BatangasBay^Lafon. 


.do.. 


Off  Corregidor  light,  Loion. 
....do 


Between  Labangand  Losoo, 
SW.ofManllaBay. 

....do : 


....do... 

....do 

....do 


.do.. 


Verde  Id.  Passage,  N.  coast 
Mindoro. 

Verde  Island  Passage,  off 
Batangas  Bay,  Luson. 

do 

do 


do 

do 

China  Sea,  rUi.  He 
30'  ar  N.;  IW  48* 


China  Sea,  vie.  He 

31*43'N.;114'60' 
China  Sea,  tIo.  Hongkong; 

31' 83' N.;  116*  18^. 
Vlo.  Hermanos  Id.,  off  N. 

Luson. 
do 


....do 

....do 

lUndoio  Strait;  13*  ZT  W 

N.;  130*41' E. 
Lhiapaoan    Strait,    N.    of 

Pabwan  Id.:  11*  Sr  ly  N.; 

119*  48'  46"  E. 


Malampaya  Sound.  Palawan 
Id.;  10*  66' 66"  N.;  119*  ir 
34"  E. 

....do 

....do 

Palawan  Passage;  off  Pt. 
Talbonan. 


.do. 


N.  Balahao  Strait:  8*  00'  40" 

N.:  117*  ir  46"  B. 
do 


38 
88 


31 

813 

384 
186 

170 

118 

114 

686 

102 

117 
193 
301 

348 

173 

314 

310 
198 


140 
634 
308 


88 

100 

334 

380 

160 
313 
746 


46 


14-36 


7 

7 

876 


780 


Ooral... 
.....do.. 


8and,oocaL 

Gray  mud,  Glo- 

Durerlna. 
Qreen  mud,  sand., 
Sand,  mud 


49.8 
61.4 


Sand,  pebbles..... 
Mud,  sh^ls,  ooral. 


67.4 


.do.. 


Gray  mud,  sand... 

Fine  sand,  mud, 

shells. 
Green  mud 


41.8 
60.6 


Graysandc 

Dark  gray  sand 

....do.......... 

Broken  shells,  sand 


49.6 
60.4 


47.4 


Lava  gravel., 

Mud,  sand.. 
Mud,  shells.. 


Sand 

Gray  mud,  sand. 
Gray  mud,  sand. 


Soft  gray  mud. 

Sand,  shells 

Green  mud 

Mud 


6a6 


73.1 


Blue  mud... 
do 

Green  mud. 

Sand,  mud.. 


68.3 

66.4 

58.9 
51.4 
88.3 


Gray  mud. 


Mud 

Mud 

Coral  sand. 


Off      Sandakan 
Borneo. 


Harbor, 


....do 

Sand,  shells. 
Coral  sand.. 
Mud 


66.4 


4a6 


ROoiUr  iiui^nii. 

Oreaster  aiveotahu,  SttmtUr 
intiorUt,  Nardoa  tquammlom, 
OfXidiaiter  fvueut,  OOtiBt 
purpurea. 

Oreatter  nodottu,  Oreatier  •!- 


Zoroaiter  c.  phiUpplntntit, 

AnthenoiditntgulotuM. 
ParagonatUr   e,    hmaemmOuu, 

ZoroatUr  e.  pMUpmnemiit. 
ZoroasUr  e.  phiHpfOnenHt,  At" 

tropeeUntendhu. 
Ctenopkmuter       diploeUidtu, 

LUJiotoma  aetinometra,  Zvn- 

otter  e,  phiUpplneiuU, 
Parogonaater   e,    \ypaemUkiu, 

Zoroaiter   e.   phmppbumtU, 

Pontioeeramut  granau,  Xftfto- 

toiiui  octinowetni, 
CtenoHieue  orieniaUt,  Stegno- 

brithtga  plaeoderma, 
Zoroatter  e.  pkiUpplneniia. 

Peitatter  qfOopUa. 

OaiUaeter   eorptetea. 

Roeatter  tiUmkuif    OatomtuUt 

halkeput. 
Bomuter  mHnkut,  ZoroaaUr  c 

fikiUpphuntit. 
AetrometUet   oompaetoi,    Per* 

eepkonatter    e,    ItraHtpHuu, 

ParafonaeterttenoetMma. 
Pereepkontater  «.  brevieplnue. 

AetrometUee  eompaehu. 

Pereephonaater  evrpoetit,  Pof' 
goniuter  itenotHehui,  Zon- 
aeter  e,  pMUppineneii. 

Zoroaster  e,  pmUpphuiuit. 

Zoroaeter  ophiactie. 

Pereephonaeter  anekittut,  Pene^ 
phonaeter  temOi,  L%Mia 
orientaUi,  AnthemMet  tUko- 
eorua. 

Pereephonaeter  temUe  (T) 

Margtmaeter  paueieptnue. 

Pereephonaeter  lutonieue,  Z9- 
roaeter  e,  pMUppinauit. 

Pereephonaeter  fiwo«Me«t,  Ze- 
roaetere.pMi/tppinenete, 

Pereephonaeter  lutonleue. 
Do. 

Koremaeter  e.  epieuiatue. 

Nepanthia  maeulata. 


Aetropeeten  phragmorue. 


Aetropeeten  mindaneneie. 

Lmma  maeuiata, 

ChekaeUr  niaeieue,  Ceramaater 

smMiif     Craterobfielnga 

eueorgne,  C,  onotora. 
PeeHnaeter    m.  pala^ownenale, 

Craterobrieinga  eueorgne  (T). 
Betaeter  ineignie. 

auUaeter  ined,  Nardoa  Mml- 

reguiarie 
Oraepidaeter  heeperue,    AetrO' 

peeten  phragmorue. 
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LIST  OP  DRBDOINQ  STATIONS  AT  WHICH  STARFISHES  WERE 
SECURED,  WITH  THE  SPECIES  TAKEN  AT  EACH— Continued. 


LooiUtj. 


Depth.  Nature  of  bottom. 


Bot- 
torn 
t«mp. 


Spedas  taken. 


Balajio  B%j,  Lomd. 


Varda  Ulaiid  Passage:  18* 
S4'  «r'  N.:  Iffl'  or  »"  B. 

NW.ofHarmdnquald 

do .V. 


..do. 


Rtfay  Oiilf.Laxan:  18*  isr 
aO^.;12r45'80''E. 

Between  Burias  and  Lnson 
(▼ioinity  Bagatao  Light). 

Between  Samar  and  llasbate. 


.do. 
.do. 


....do 

....do 

Between  Lejte  and  Cebo.. 

DoponBaj,  Lejte 

do. 

Between  Ceba  and  Leyte. . 
Between  Ceba  and  Bohol.. 


.do. 


.do., 
.do., 
.do.. 


..do., 
.do. 


.do.. 


Solo  Sea,  NW.  of  Gagajan  Id. 


Sohi  Sea,  NE.  of  Cagayan  Id. 
Suhi  Sea,  NW.  of  Cagayan  Id. 


Sola  Sea,  SW.  of  30th  of  Jane 
Id.;9*12'N.;lW28'B. 

Sola  Sea,  SB.  of  30th  of  Jane 
Id.r5M8'  N.:  IW  51'  15"  E. 

Sala8ea,8  W.  Corandagos  Id.; 
10*88'45"N.;  lWlF46"B. 

do 


.do. 


Mmtth  lingayan  Chilf . 

North  coast  of  Samar . . 
....do 


LagooQj  Oolf,  E.ooast  Loson 
....do 


•IM. 

180 

214 

180 

106 
88 

838 

107 

128 
220 

118 

135 
136 


153 
140 
188 
190 
298 
180 
145 

162 


150 
166 


159 
175 
127 

506 


840 

405 

27 
1,106 
51 
51 
54 
172 
808 


810 
406 


•J^. 


Sand 

Black  sand.. ....^r 

Oreen  mad ....... 

Soft  mod ......... 

51.8 

Oreenmod 

Mod 

Soft  green  mud... 

51.4 

Green  mod,  sand. . 

Hard  sand 

Oreen  mad. ...... 

do 

Oreenmod. 

Mud 

55.8 
55.4 

do 

Oreen  mad 

do 

55.2 

..do.. 


Fine  sand... 
Oreen  mod.. 
Oraynmd,a 


....do 

Oreen  mud.. 


Oray  mod,  ooral 


Coral  sand 

Oray  nmd,  ooral 


54.8 


62.4 
54.4 
54.4 


54.4 

54.5 
50 

49.8 


50.4 
49.4 


Fine  gray  sand . 

Oray  mod 

Sand 


49.7 


.do.. 


Oreen  mod,  ooral 

sand. 
Fine  grav  sand, 

globigenna. 

Oreenmod 

Oreen  nmd,  sand.. 


Oreenmod 

Oreen  mod,  ooral.. 


53.2 


45.8 
44.3 


45.3 
42.8 


Attropeetm   luzoniau,   Peris' 

iOifOfUuUr  iwignit. 
AstropteUn   luaonkut,   Pern 

phtmatUr  brevitpinui, 
BotaiUr    tfrnboueuSf     AfUk&' 

noUa  eriiuuut. 
AfUhenolda  ertttatut, 
ZoroatUr  e.  pMlipptnentit,  DU" 

tolatterUu  eupfecta. 
Prionattcr  ffraeilU. 
CraspidatUr  kespenu,  AnO^ 

fundet  erttUUui. 
AttropteUn  gramUatui,  AnO^ 

wMet  cristatua. 
Chdratter  gaieUae.  NfmpkatUr 

lepiodomut,  LUkoBoma  penH^ 

ehra,    Zoroatter    e,    pMUp- 

pinewU, 
Lutdia  avktOaria,  PholidatUr 

tquamaiut,  Coronatter  volfd- 

Uitut. 
CtenopUura    aatropecHtiMm, 

Pholidatter  tfoavMhu. 
Attropeeten  ettcnemitj,  PkoIM- 

oiter  •guanuUiM,    Connatter 

voUellatut. 
Antkenoide$  ertttatut. 

Do. 
LfUdia  gfmnockofa. 
Do. 
Do. 
Do. 
Pangonatter  e.   hifpaaifUkiu, 

Zoroatter  e,  pkOimnentit. 
ParoifonatUr    c.    Xppaeantkut, 

Pontioceramut  grandit,  Attro- 

thauma  euphplactmmf  ZorO" 

atUr  e.  pkiumrinentit, 
Dittolattertat  nypaeafUha, 
Paragonatter  c,  kypacaiUhmt, 
Paragonatter   c.    hrpaeatUhut, 

Zoroatter  e.    plhmpphunttt, 

Ooronatter  votteOatut,    Omh 

natter  kaUeeputfDittoiatteriat 

hppaeafUha, 
Zoroatter  e,  phittppinentit. 
Paragonatter  e.  hvpaeanihut, 
Anthottiete  aulopnora,  Parag<h 

natter  e,  hfpaeanthut. 
Ctenoditeut   orientaUt,  Dipta- 

cotter  diapkorut,  Ngmpkaater 

Ikobrotatut,   Lophatter   sulw- 

entit, 
Attropeeten   pedkeOartt,    Per- 

tephonatter  tuhuntU,  Nfm- 

phatter  habrotatut. 
Benihogenia  ertbtllota,  PrUm- 

otter  groelUt,  Spkaerioditeut 

teotoeryptut, 
Attropeeten  pkrogmorut. 

Nfmphatter   atoput,    ffynMii- 

otter  barttOii, 
Cratptdatter  hetperut,   Mttro- 

dira  tttfrutato. 
Mottttternannut,  SteOatter  ineei, 

Metrodhra  tuXnUata, 
Rotatter  nannut,  Anteropoda, 

sp. 
Paragonatter   c.    hfpaeontknt, 

Attrottephaneaeanthogenift, 
Peettnatter  hplaeonihut, 
Diptaeatter   diapkoru*,    Peeti" 

natter  hwlaeanikutf  Ckeiratter 

inopt,  Chetratter  niotkut, 
Cheiratter  niatieut, 
liediatter  omatut. 
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LIST   OF   DREDGING   STATIONS   AT   WHICH   STARFISHES   WERB 
SECURED,  WITH  THE  SPECIES  TAKEN  AT  BACH— OntlnuecL 


Sta- 
tion. 


Locality. 


Depth. 


Nature  of  bottom. 


Bot- 
tom 
temp. 


Species  takeo. 


5458 

6454 
6460 

6467 

6468 
6470 

6476 

6478 
6480 

6481 


6482 


6483 
6487 

6488 
6491 

6403 

6404 

6400 

6501 

6503 
6605 
6510 

6512 
6613 
6516 
6516 

6617 
6618 


6510 
5620 


5523 


6534 
6626 


6527 


6520 


Albay  Golf, 
do. 


La^onoy 
Luzon. 


Gulf,    B.    coast 


.do. 


.do., 
.do. 


San  Bernardino  Strait;  13* 
56' 24"  N.;  134*  25' 24"  E. 

NE.  Tacbuc  Pt.,  Leyte 

do 


Sorlgao  Strait,  E.  of  Leyte.. 


Fatk- 

onu. 

146 

153 
565 

480 

660 
660 

270 

67 
02 

61 


.do. 


.do. 


Between  Leyte  and  Minda- 
nao: W  03'  45"  N.;  125* 
05'33'E. 

Between  Leyte  and  Minda- 
nao; W  N.;  136*  06' 45"  E. 

Between  Leyte  and  Minda- 
nao: 0*  34'  N.;  135*  13'  E. 

Between  Leyte  and  Minda- 
nao; 0*  13'  45"  N.;  135*  30' 
E. 

Between  Leyte  and  Minda- 
nao: 0*  06'  30"  N.;  135'  18' 
40"  E. 

Mindanao  Sea,yio.  Iligan  Bay 


67 


74 
733 

772 
736 

735 

678 

554 


do 

314 

do 

do 

336 
330 

Iligan  Bay,  N.  coast  Minda- 
nao. 
do 

433 

445 

do 

505 

do 

TOOi 

Mindanao  Sea,  off  Pt.  Tagolo, 

Mindanao. 
do 

175 
109 

do 

300 

do 

do 

182 
103 

do 

do 

Between  Siqmjor  and  Bohol 

do 

360 
805 

803 

do 

430 

do 

441 

Gray  mud... 
Green  mud.. 


....do.. 
Mud... 


Fine  sand. 


Shells 

Fine  sand. 


Sand,  shells,  gravel 
Sand,  green  mud. 


Sand,  broken  shells 
Green  mud 


....do 

Green  mud,  coral. 


Green  mud.. 


Green  mud,  sand.. 

Green  mud,  fine 

sand. 
Fine  sand,  gray 

mud. 
Green  mud 


Gray   mud,   fine 
sand. 

....do 

....do 

(No  sounding).... 
Globigerina , 


....do 

Gray  mud,  globi- 
gerina. 

Globigerina,  sand. 


No  sounding. 


Sand 

Green  mud,  glo- 
bigerina. 
Globigerina  ooze.. 


....do.. 


Gray  mud,  globi- 
gerina. 


'  F, 


48.3 


63.8 

63.8 
63.8 

63.1 

63.8 

63.3 
54.3 
53.3 
*53lo' 


53.8 
63.8 


54.3 


54.3 
54 


54.3 
61.3 


53.8 
63.3 


63.3 


53.3 


63 


AttropeeUn  tendUu,  Zoronrtrr 

e.  vkittppinentU, 
AiUhenoiaei  eritlaiut, 
Ctetioditetu  orientaU$,  Ptfltttrr 

goM,  AtehrUu  onaeanAmM. 
PeetinatUr  hplaeutUhut,  MeM- 

atUromatui, 
PsttatUrgoM. 
CtenodUeus  ortenittU$,  PtOuia 

gotoi. 
THUmatUr  evonu,  Zmnaattr  c 

phiUppinetuU. 
NepafSXUiJifiMiii, 
Adrapeeten  veUtari$,  AatropeC" 

ten  tnoTuteantkut. 
AttropeeUn  monaeanikut,  £••- 

otter  mamiUatut,  Attenmaem9 

eUgant, 
Oonfoditeatter  forfieutatmt.  Ae^ 

teroditeiu  el^ant,  Opkiiiatltr 

trj/eknut,O^adlatterdMbl09m§, 

Ihrdoa  tquamntlota,  AtUri' 

noptit  pemeeUuit. 
atemtter  ineei,  Beikinatter  tUrt' 

otomtu.Pterattero,  mgonotmt. 
Britinga  Iraekgditea, 


Do. 

SUonatter  vanefi,  Attropeetem 
eremicutf  Ngmphaeter  mbn- 
tatut,  Britinga  £radl|tfisos. 

Attropeeten  eremkut. 


Attropecten  eremkut,  Britinga 
traehgditea, 

CtenoHteut  orientaUt. 

Anthenoidet  rugulotut, 

Anthenoida  ntgtUotut. 
Anthenotdet  criitatut, 
Lithotmna  penkhra,   HenrkU 

dentitpina. 
Ckeinuter  dkmedeae. 
Benthogenia  cribcUota, 
BrMnga  trackgditca. 
Ngmphatter  eurgpiaXf    Antht' 

noidct  crittatut. 
Henrkia  dentUpina. 
Attropecten  tenetlut,  HenrkU 

mkropUu,  Pteratter  o.   flif- 

onotut. 
Henrkia  dentitpina. 
Ctenopleura  attropeetinidet,  Eo- 

tatter  tgmbolicw,  AntkenoUa 

crUtatut. 
Attroceramut  lUmotut,  Henrkia 

dentitpina,  Pteratter  o.  mf- 

onotut 
Henrieia  dentitpina. 
Diptaeatter  diaphorut. 

Ctenoditeut  orientalk,  Anthe- 
noidct  ruguiotut,  Zoroatter  c 
pkilippinentis. 

Ctenoditeut  orientalk,  JHpaO' 
cotter  diapftortw,  Lithotoma 
penichra,  zoroatter  e.  pMJfy- 
pinentk. 

clmoditcut  orientalk. 
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LIST  OF  DREDGING  STATIONS  AT  WHICH  STARFISHES  WERE 
SECURED.  WITH  THE  SPECIES  TAKEN  AT  EACH— Continued. 


LooAUty. 


Depth, 


Nature  of  bottom. 


Bot- 
tom 
temp. 


Spedes  taken. 


Between  Negros  and  Slqnijor 


.do. 
.do. 


Mindanao  Sea,  off  Pt.  Tagdo, 
Mindanao. 

SW.  of  iSo'LiSt,  Jolo.*;.";.' 


.do. 


BE.  of  CabaUan  Pt..  Jolo 

N.ofCaballanPt.,Jolo 

Between   Jolo   and    Tawi- 

Tawl,5'  51'  42"  N.;  IM'  W 

80"  B. 
Vidnlty    of    Danrel    Bay, 

Borneo. 


Sfbnko  Bay,  Borneo. 
do 


.do.. 


.do. 
.do. 


Golf  of  TomlnL  Celebes:  1* 
18'  10"  N.;  V2i*  IT  06"  E. 

Gulf  of  Toinfail,  Celebes;  0* 
22'N.;132*03  30"E. 

Off  Dodepo  Id.,  OnU  of 
TomlnL  Celebes. 


.do. 


Off  Bfnang  Unang  Id.,  Gulf 

of  TomlnL  Celebes. 
.....doTTT!: 


.do. 


N.  E.  Temate  Id.,  0*  40'  30" 

N.:  127*  25'  30"  E. 
Molacca  Passage 


.do.. 


Vicinity  of  Maldbm  Id.,  Mo- 
lucca Is. 
.....do 


.do. 
.do. 


Between  Gfflolo  and  Kayoa 
Is.,  Moluccas. 


OflW. 

279 


254 

2S6 

219 

182 
263 


34 

15 

243 


890 

476 
847 

415 

260 

805 
765 

962 

647 

834 

761 
1,069 

1,092 
131 
417 

435 


275 

272 

288 
280 


Green  mod.. 


.....do 

Green  mud,  sand., 

Fine  sand,  broken 

shells. 

Sand 

Sand,  gloUcinera, 

for  aminilora. 
Fine  sand,  shells., 


Coarse  sand 

Coral 

Sand.pteropod 
sheus. 

Gray  mod,   fine 
sand. 


Gray  mud. 
....do 


Green  mud,  sand, 
coraL 

Fine  gray  sand, 

gray  mud. 

Green  mud 

Sand,  globigerina, 

pteropods. 
Gray  mud 


Green  mud.. 


Fine  sand.. 
Gray  sand. 


Green  mud.. 


Gray  mud. 


Fine  gray  sand, 
mud. 


Gray   and   black 

sand. 
Gray  mud 


Fine  sand,  mud. 
....do 


68.5 


53.5 

53.8 

53.8 

54.5 
52.8 

52.8 


52.8 

88.8 

41.1 
44 

42.8 

45.7 
43.8 


86.3 
36.8 


Gray  mud,   fine 
sand. 


noOet  cristaftu,  AntUnoUei 
TuotOtmu,  Henrkla  doifi- 
tjOna.Henrkia  arqfrtattiJHer- 
otter  0.  myonofttf. 

Pritmatier   aruOogut,    Perdio- 

jponaater  intlffnit, 

Ckdnuter  gateUae,  ZomatUr 
c.  pkUipptnentit, 

Prtonatter  anaiogut,  Nfmpka$' 
ttr  ipterUtu. 

Taraehatter  tennit, 

Hfmtfuuteridet  tenogntUkxu, 

Penepkowuter  e.  brevitpimu , 
Hvmenasteridet  teTtognatkitt  . 
Naraoa  tumulota, 
Lindtia  laevigata. 
ZortHuter  e,  jMlipplnentit, 

Peeudarduuter  jordani,  Zcrooi- 
fa^opMoefit,     CnenMatter 

Clenoditcut  crientaUt. 
Ctenoditeut   orientaUt,  Pteud" 

archatterjordani. 
Omodi$eut  orieniaUt,   pBtrnd" 

arekatter  JordafU,    ZofoatUr 

e.  phUippinenMt. 
Zoroatter  e.  phiUpptnentU, 

Penepkonatter  luibrogenge, 
Korenuuter  cmWus. 

CnenUdatter  wpvUlU. 

CUnodl$eu9  ortentalit,  PeUaittr 

sp.fRadiasternotabuitf  Myta*' 

termeduta. 
Pertephowuter     numottoftkue, 

Korenuuter  evamlut,  Hymens 

otter  rkodopeplut,  Zoroatter 

opkioetit. 
Peetinatter  mimkut,  Cnemidat* 

terwpviUU. 
Peetinatter  mimieut,  Ptetkdar- 

chatter  oligoporut,  Cnemidat- 

terwyvUlii. 
Peetinatter  mimieut,  Pteudar^ 

chatter  oligoporut. 
Dittogenet  ttyraeia. 

Ctenoditeut  orientaUt,  Cheirat' 
ter  niatieut,  Benthopeeten 
moluecanut,    Pteudarchatter 

Jordani. 

Ctenoditeut  orientaUt,  Peetinat- 
ter hylacanthut,  Cheiratter  ni- 
atieut, Benthopeeten  molue- 
canut, Solatter  tropkut. 

Coronatter  haUceput. 

Ngmphatter  molueeanut,  An- 
thenoidet  granulotut,  Xenor- 
iat  polpcteniut,  Hfmenattc- 
ridet  tenognathxu. 

Diptaeatter  netiotet,  Pteratter 
corgnetet,  Hgmenatteridet  zt- 
nognathut. 

Prionatter  megalqplax,  Dipta- 
cotter  netiotet,  Cheiratter  nia- 
tieut,  A  nthenoidet  granulotut. 

Prionatter  megatopUa,  Ngm- 
phatter  moluecanut. 
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LIST   OF   DREDGING   STATIONS  AT  WHICH   STARFISHES   WERB5 
SECURED,  WITH  THE  SPECIES  TAKEN  AT  EACH— Continued. 


Stap 
tlon. 


LocttUty. 


Depth. 


Naton  of  bottom. 


Bot- 
tom 
temp. 


SpeeteBtakML 


5636 

6680 
6681 
6683 

6637 


5640 
5641 

5645 
6648 


5661 

5654 

6655 
5656 


5658 

5660 


5664 


Between  Oillolo  and  Kayoa 

Is..  Moluccas. 
do 


8.  of  Patiente  Strait;  0*  56' 

80"  S.;  138*  OS'S. 
8.  of  Patiente  8tralt;  0*  57 

8.;  127*  56'  E. 
Oir  Batjan  Id.;  !•  8.;  127* 

WE. 
Vicinity   Amblan   Id.,   off 

8.  E.  Bouro;  3'  53'  30"  8.; 

136*  48'  E. 
Baton  8trait,  Celebes 

....do .: 

.....do 

do 


Oolf  of  BoDi,  Celebes. 
....do 


.do., 
.do.. 


.do. 


Floras  Sea;  5*  56'  80"  8.;  130* 

4(rE. 
Macassar  Strait:  4*  43'  32"  8.; 

118*  53'  18"  E. 
Macassar  Strait;  2*  38'  ly  8.; 

118"  40'  E. 


230 
265 


660 
800 

846 
700 


650 


700 

806 

608 
484 


510 
603 


400 
901 


Gray  mad,   fine 

sand. 
....do 


Coral  sand,  mad. 
Oreenmad 


Gray  mad. 


Sand,  shells.. 
.....do 


Oreen  mad., 


.do. 


Omy  mud,  fine 

sand. 
Gray  mud 


....do 

Gray  mad,  sand.. 

Hard 

Gray  mud 


30.3 


38.7 

38.3 

39.3 
41.3 


41.3 
39.3 


48.3 
88.3 


CkHntUrniatieutt  AfUhenoideg 
framUo9U»,A9lT<mtephane  mO" 
hteetnui. 

PeeUnatter  nUmieiu,  EmUaattr 
iMla5Uii,  PedheOatttr  sp. 

Ptlkuter  robutlut. 

PaOatter  rdbuatui, 
Zoroatter  mkropontt. 


Ferdina  glfptoibea, 

OpMdiatter  fu$au, 

ParanepaiUMa  plaifdiaea. 

PertepMiuuter  muMeineftity 
ApkrodHatUr  mkroeeramuBf 
Npmpkatter  arthotnemig,  Zo- 
roatter  opMaeOt^  B^fthMopkmB 
aeanihinus,  Briiingenet  fmin^ 
fes,  BritinQenei  anehitta.  As- 
troatephane  tnolvceana,  Stef- 
noMiinga  jUoeoderma. 

Chdroiter  tnplaeanthuM,  Njrii^ 
phatter  artkrocnetnit,  Cro»> 
tatter  tcotophilut. 

Peetimuter  mimlctw,  Baitftopeo- 
Un  polpcteniut,  SoUuter  tro- 
pieut. 

Ateloriat  anaeafUhut. 

Ctenoditeut  orientaUa,  DipUh 
vUratterm.patagUitu9,PedieH-' 
Uuter  ddrophorut, 

Chdratternuuieua. 

PeeUnatUr  minUeut,  CMratter 
Iftdtoigl. 

Tartaiter  Uttkhoput. 


PetUftoiUr   minUeutf 
peeten     ttpraeiut, 
otter  tpatiuifer. 


Bentho- 
Fre^eU- 
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DBSCBIPTION  OF  SPECIES. 

Fanuly  PORCELLANASTERIDAE  Sladen,  restricted.' 

Genns  SIDONASTER  Koebler. 

Sidonaster  Kobhleb,  1000,  p.  87.—Fi8Her,  1011(1,  p.  28. 

SIDONA8TBB  VANETI  KmHv. 

Plate  8,  fig.  8. 
Sidonasier  vaneyi  Koshleb,  1000,  p.  87,  pi.  8,  fig.  6 ;  pL  6,  fig.  5 ;  pi.  10,  fig.  8. 

Diaffnosi8. — ^R  =  36  mm.;  r  =  15  mm.;  R=2.4  r  (Koehler's  type 
R  =  2  r) .  Abactinal  integument  of  disk  covered  with  small  spine- 
lets  as  far  as  distal  edge  of  cribriform  organ,  that  of  rays  being  bare; 
superomarginals  6  to  7  with  one  upright  spine  and  1  or  2  smaller 
accessories;  terminal  plate  with  7  spines;  adambulacral  spinules  1 
or  2,  usually  2,  the  plates  strongly  hollowed  on  furrow  margin; 
mouth  plates  with  a  median  impaired  spinule,  and  spaced  from  this 
2,  3,  or  rarely  4  marginal  spinules  at  mouth  of  furrow. 

Notes  on  PkUippine  specimens. — ^The  4  specimens  combine  cer- 
tain characters  of  S.  vaneyi  and  S.  hatheri.  It  has  in  fact  been 
difficult  to  decide  what  to  name  them.  The  two  specimens  from  sta- 
tion 5215  are  much  larger  than  Koehler's  specimens  of  either  vaneyi 
or  haiheri^  since  the  type  of  vamsyi  has  R==20  mm.,  and  that  of 
hatheri  not  more  than  26  nmi.  Koehler  has  so  carefully  described 
both  species  that  I  shall  need  only  to  point  out  the  differences  pre- 
sented by  the  Philippine  examples. 

The  abactinal  spinelets  do  not  extend  quite  so  far  distally  on  the 
radii  as  figured  by  Koehler.  Two  large  specimens  from  station  5215 
vary  in  this  respect,  one  being  about  intermediate  between  the  condi- 
tion of  typical  vamsyi  and  hatheri.  Along  the  edges  of  the  abactinal 
integument  the  spinelets  extend  to  the  distal  edge  of  the  cribriform 
organ,  but  on  the  radial  line  little  if  any  farther  than  an  intersecting 
line  drawn  between  the  middle  of  two  adjacent  cribriform  organs. 
Thus  the  spinous  and  papular  area  is  deeply  concave  radially,  and 
the  varying  amount  of  this  concavity  (even  on  different  radii  of  the 
same  specimen)  controls  the  width  of  the  interradial  band  of  abac- 
tinal spinelets.  Abactinal  spinelets  are  as  described  by  Koehler, 
and  1.5  mm.  long. 

>Ab  noted  under  tbe  Gonlopectlnldae,  the  CtenodlBcinae  are  more  properly  referable  to 
tkat  family.     Either,  1916a,  p.  1. 
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There  are  7  superomarginal  and  8  or  9  inferomarginal  plates  on 
the  largest  specimens,  and  7  of  each  on  two  smaller  examples  from 
station  5491.  The  cribriform  organ  is  relatively  larger  in  the  larger 
specimens.  The  spinelets  of  each  distal  border,  to  the  number  of 
about  20,  are  united  by  a  thin  membrane,  but  the  others  are  free. 
The  angle  between  the  lateral  and  ventral  border  is  more  abrupt 
in  the  large  specimens,  possibly  because  the  organ  occupies  a  larger 
amount  of  the  first  plate,  there  being  scarcely  any  of  it  left  bare. 
Koehler  found  5  marginals  in  the  type.  .  In  hatheri  there  are  5  to  7. 
The  superomarginals  nearly  always  have  a  second  or  accessory 
spinule,  and  on  the  second  and  third  plate,  sometimes  elsewhere,  2  ac- 
cessories. One  of  the  smaller  specimens  has  3  on  the  second  plate. 
The  primary  spines  are  more  prominent  in  small  than  in  large 
examples.  The  spines  of  the  terminal  plate  are  as  described  by 
Koehler. 

Large  examples  have  15  (instead  of  11  of  the  type)  pairs  of 
adambulacral  plates  and  15  pairs  of  tube  feet  to  each  ray.  The 
adambulacral  plates  are  hollowed  out  on  the  furrow  margin  as 
described  by  Koehler,  but  instead  of  there  being  constantly  2  furrow 
spinules,  a  few  proximal  plates  have  only  1;  in  one  of  the  large 
specimens  the  6  or  7  distal  plates  have  only  1  spinule.  This  same 
specimen  has  2  spinules  to  each  mouth  plate,  in  addition  to  the 
median  unpaired  marginal  spine,  but  the  other  large  specimen  has 
3  on  all  plates  except  one,  where  there  are  4.  The  2  small  speci- 
mens have  usually  3  lateral  mouth  spines,  occasionally  4.  The 
type  of  vaneyi  has  2,  and  hatheri  has  4  or  5.  The  mouth  plates  are 
very  prominent  actinally  and  each  is  produced  into  a  winglike  process 
adjacent  to  first  adambulacral. 

The  plates  of  the  actinal  intermediate  areas  are  rather  loosely 
joined,  some  of  them  slightly  imbricated.  About  30  of  the  plates 
bear  a  central  slender  spinelet,  very  similar  to  the  spinelets  of  the 
cribriform  organs,  although  a  trifle  longer.  The  median  interradial 
area  is  not  devoid  of  spinelets  as  in  S,  psilonotvs.  The  intermediate 
plates  extend  to  the  fifth  or  sixth  adambulacral  plate. 

The  peristome  contains  widely  scattered  microscopic  rods  with  a 
few  perforations.  These  are  more  numerous  in  the  lip.  A  small 
piece  of  the  wall  of  the  stomach  did  not  have  any  calcareous  deposits. 
A  piece  of  the  dorsal  integument  from  the  ray  (where  there  were 
neither  papulae  nor  spinelets)  contained  scattered  microscopic 
plates,  some  very  small  with  2  or  3  perforations,  and  apparently 
just  beginning  to  be  formed ;  others  larger  and  with  very  irregular 
periphery ;  still  others  nearly  circular  with  12  to  25  perforations. 

Type-locality. —Gvli  of  Oman,  lat.  21^  53'  N.;  long.  57*^  43'  E.. 
833  to  733  fathoms  (Koehler). 
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Distribution.— QvH  of  Oman  and  PhUippine  Islands  788  to  883 
fathoms,  green  mud. 

Specimens  examined.— ^Fout  from  the  following  localities: 

Station  5215,  east  of  Masbate  Island,  Philippine  Islands,  604 
fathoms,  green  mud;  bottom  temperature  50.5®  F.;  2  specimens. 

Station  5491,  between  Leyte  and  Mindanao,  Philippine  Islands, 
736  fathoms,  green  mud,  coral;  bottom  temperature,  52.3"^  F.;  2 
specimens. 

Remarks. — ^This  species  differs  from  S.  psUanotus  in  having  abac- 
tinal  spinelets,  7  instead  of  5  spines  on  the  terminal  plate,  and 
usually  2  or  3  lateral  mouth  spines  instead  of  4,  although  the  nimiber 
of  4  sometimes  occurs. 

One  of  the  small  specimens  from  station  5491  has  the  stomach 
full  of  mud.  There  is  also  a  relatively  large  Dendrogaster  parasitic 
in  the  coelomic  cavity. 


SroONASTER  PSILONOTUS  1 

Plate  1,  figs.  2,  8;  plate  7,  fig.  2. 
Sidanaster  psilonoius  Fishkb,  1918a,  p.  600. 

Diagnosis. — ^Rays  5.  R=22  mm.;  r=ll  mm.;  R=2  r;  breadth  of 
ray  at  distal  edge  of  cribriform  organ,  7  mm. ;  width  of  cribriform 
organ  6.5  mm. ;  height  interradially,  4  mm.  Differing  from  ^S".  vaneyi 
and  S.  batheri  in  the  almost  entire  absence  of  abactinal  spinelets. 
Adambulacral  spinules  2;  mouth  spinules,  1  unpaired  and  4  mar- 
^nal ;  terminal  plate  with  5  spinules. 

Description. — ^The  rays  are  only  slightly  tapered  and  have  a 
blunt  extremity  capped  by  a  prominent  spiniferous  terminal  plate. 
Marginal  plates  forming  a  prominent  beveled  or  sloping  border  to 
abactinal  surface.  Abactinal  integument  on  rays  slightly  and  on 
disks  markedly  sunken  below  upper  edge  of  marginal  plates,  and 
devoid  of  spinelets  except  for  about  20  to  24,  scattered  close  to  each 
cribriform  organ,  and  not  extending  distally  beyond  the  edge  of 
this  organ.  Spinelets  about  as  long  as  those  on  surface  of  cribriform 
organ.  Papulae  numerous,  prominent,  and  occupying  a  pentagonal 
area,  the  comers  of  which  touch  the  middle  of  each  cribriform  organ. 
They  do  not  therefore  extend  onto  the  rays.  There  is  a  prominent 
apical  prolongation  of  the  integument  in  center  of  disk,  but  the 
papulae  do  not  extend  upon  it.  The  abactinal  integument  contains 
spaced,  microscopic,  perforated  calcareous  plates,  roundish  or  irregu- 
lar in  outline,  sometimes  with  a  few  short  spines  on  the  periphery. 
These  plates  resemble  end  plates  in  the  pedicels  of  holothurians,  and 
seem  to  consist  of  one  layer  of  reticulimi  except  that  the  center  is 
often  slightly  thickened.  Madreporic  body  large,  touching  cribri- 
13484— Bull.  100—19 i 
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form  organ,  convex  and  traversed  by  coarse  ridges  radiating  from 
a  point  between  the  center  and  adcentral  edge.  A  few  spinelets  sur- 
round it. 

Marginal  plates  thin,  the  snperomarginals  the  higher.  Second 
superomarginal  about  as  long  as  high,  but  the  succeeding  four  are 
longer  than  high,  and  the  seventh  or  last  about  as  long  as  high.  Gach 
bears  on  the  upper  distal  corner  a  slender,  prominent,  sharp  spinule 
usually  bent  transversely  across  the  smooth  abactinal  integument. 
The  second  plate  has  a  shorter  companion  spinule.  The  longest 
spinule  (2  mm.)  is  on  the  fifth  plate. 

Inferomarginal  plates  conspicuously  lower  than  snperomarginals 
and  hence  proportionately  longer  than  high.  Second  plate  corre- 
sponding to  second  superomarginal  is  shorter  than  the  rest.  These 
plates  do  not  encroach  upon  actinal  surface.    No  spines. 

Cribriform  organs  very  prominent,  wider  than  high,  with  slightly 
convex  upper  border,  and  leaving  only  a  very  narrow  bare  area  on 
distal  edge  of  the  plates.  The  organs  comprise  therefore  practically 
all  the  surface  of  each  interradial  pair  of  supero-  and  inferomarginal 
plates.  The  spinelets  are  blunt,  slender,  very  uniform  in  size,  and 
arranged  in  vertical  series.  Those  of  the  first  or  marginal  vertical 
series  are  webbed.    No  others  are. 

Terminal  plate  prominent,  crescentiform,  the  rounded  sides  cover- 
ing the  edges  of  the  last  marginals.  There  are  5  terminal,  promi- 
nent, sharp  spinules;  3  of  these  form  a  triangle  in  the  end  of 
plate,  surrounding  the  terminal  papilla,  and  one  stands  laterally  on 
the  upper  edge  of  plate. 

Adambulacral  plates  longer  than  wide  and  with  a  concave  margin. 
Each  plate  bears  at  the  adoral  end  2  sharp  marginal  spinules  some- 
times slightly  curved  and  compressed  at  base,  these  occupying  about 
half  the  furrow  margin  of  each  plate. 

Mouth  plates  very  prominent  actinally,  the  free  surface  sloping 
steeply  to  median  suture,  which  is  wide  and  lanceolate  in  form.  Each 
pair  of  plates  bears  an  unpaired  spine  at  the  inner  angle  where  the 
2  plates  join,  and  widely  spaced  from  this,  4  tapering,  sharp, 
marginal  spines  are  borne  on  the  concave  margin  opposite  the  first 
tube  foot 

Actinal  intermediate  areas  moderate,  the  plates  loosely  joined  in 
irregular  interradial  columns.  Six  to  8  of  the  plates  on  either 
side  of  the  double  interradial  series  bear  a  single  spinelet  similar  to 
those  of  cribriform  organ. 

Tube  feet  large,  without  calcareous  particles  in  the  walls.  Dorsal 
wall  of  the  stomach  with  numerous  simple,  straight,  rather  large 
microscopic  rods,  with  occasional  irregular  and  Y-shaped  ones.  The 
length  of  these  rods  varies  about  as  the  diameter  of  the  plates  in  the 
dorsal  integument. 
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Type.— Cut.  No.  80604,  U.S.N.M. 

2'yp6-/acaM<y.— Unknown. 

Remarka. — ^It  is  unfortunate  that  this  new  form  should  be  without 
locality  It  differs  from  S.  vaneyi  in  lacking  abactinal  spinelets,  in 
having  5  instead  of  7  terminal  spines,  in  the  spinulation  of  the 
actinal  interradial  areas,  and  in  having  constantly  4  (instead  of  2, 
3,  or  rarely  4)  mouth  spines.  It  differs  from  S.  batheri  in  lacking 
abactinal  spinelets,  and  in  having  5  instead  of  7  terminal  spines. 

Genus  BENTHOGENIA  Fisher. 

BefUhogenia  Fisheb,  1911c,  p.  415.    Type,  B,  cribelloaa  Fisher. 

Diagnosis. — ^Belated  to  HypJudaster  Sladen  and  Thoracaster  Sla- 
den,  but  differing  in  having  cribriform  organs  between  all  the  mar- 
ginals, in  having  the  dorsal  surface  of  distal  half  of  ray  one  continu- 
ous cribriform  organ,  and  in  having  the  cribriform  organs  of  inter- 
brachium  merged  into  one.  Distal  superomarginals  spiniferous;  ter- 
minal plate  large,  spiniferous,  dorsal  in  position.  No  odd  interradial 
marginal.  Superomarginals  increasing  in  size  very  gradually  to  the 
sixth,  which  is  considerably  larger  than  the  rest  and  meets  its  fellow 
in  median  line  of  ray;  beyond  this  point  all  superomarginals  in  con- 
tact.  Cribriform  organs  29  or  30,  the  distal  ones  rudimentary  and  the 

11  of  the  interbrachium  merged  into  one  (as  far  as  middle  of  sixth 
soperomarginal) ;  structure  papilliform.  Adambulacral  plates  with  a 
numerous  furrow  series  and  numerous  smaller  spinelets  on  surface. 
Actinal  interradial  areas  extensive,  covered  with  small  spaced  spine- 
1^8.  Intermediate  plates  extend  nearly  to  end  of  ray.  Abactinal 
paxillae  large,  crowded. 

BENTHOGENIA  CRIBELLOSA  Fkher. 

Plate  1,  fig.  1 ;  plate  2,  fig.  1 ;  plate  8,  figs.  2,  2ar-d, 

BetUhogenia  cribeUosa  Fisher,  1911,  p.  415. 

Description. — ^Rays  5.  E=78  mm.,  r=about  30  mm.,  R=about 
2.6  r;  breadth  of  ray  at  base,  about  84  mm.,  at  sixth  superomarginal, 

12  mm.  Over  half  of  ray  formed  by  superomarginals  which  meet  in 
median  line.  Superomarginals  massive,  increasing  in  size  from  the 
first  to  sixth,  which  is  decidedly  larger  than  the  rest  and  meets  its 
fellow  on  dorsal  median  line;  next  6  plates  decreasing  slightly  in 
width,  but  increasing  in  height  as  far  as  terminal  plate.  Each  is 
higher  than  wide,  and  bears  on  the  rounded  dorsolateral  angle  a 
stubby  conical  spine;  final  3  or  4  plates  decreasing  rapidly  in  size  and 
covOTed  by  the  big,  elliptical,  very  convex  spiniferous  terminal  plate, 
margined  by  a  fimbriate  channeL  Inferomarginals  lower  than  su- 
peromarginals and  beyond  the  sixth  plate  not  corresponding  to  them, 
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but  near  tip  of  ray  alternating,  there  being  one  more  in  the  series. 
Each  inf  eromarginal  has  a  low  tubercle  corresponding  to  the  supero- 
marginal  spine.  Viewed  from  side,  both  series  increase  in  height 
from  interradius  to  the  sixth  plate;  thence  the  saperomarginals  in- 
crease slightly  in  height  up  to  the  terminal  plate,  while  the  infero- 
marginals  decrease.  Beyond  the  sixth  plate  the  inferomarginals  do 
not  encroach  upon  the  actinal  surface.  The  horizontal  suture  be- 
tween the  two  series  is  not  deep.  The  free  surface  of  the  plates  is 
covered  with  minute  bosses. 

Terminal  plate  very  convex,  large,  elliptical,  and  wholly  dorsal 
in  position,  as  it  lies  over  the  last  three  superomarginal  plates.  Judg- 
ing from  the  scars  of  the  spines,  there  are  4  terminal  spines  placed 
synmietrically,  2  on  either  side,  and  on  the  narrow  summit  of  the 
plate,  behind  these,  a  series  of  3  spines,  making  7  in  all. 

Cribriform  organs  spiniform  and  in  the  interbrachial  arc,  continu- 
ous without  a  break  as  far  as  the  middle  of  the  sixth  or  enlarged 
superomarginals,  except  for  a  slight  wedge-shaped  area  in  the  middle 
of  the  lower  edge  of  each  inf  eromarginal.  In  each  interbrachium  11 
fused  cribriform  organs,  the  odd  one  over  the  median  interradial 
suture.  The  sixth  supero-  and  inferomarginals  have  a  median  ver- 
tical bare  space  about  as  wide  as  the  adjacent  cribriform  organs, 
which  from  here  on  rapidly  narrow,  and  from  the  twelfth  plate  on 
may  be  said  to  be  rudimentary.  These  separated  cribriform  organs 
extend  upon  the  dorsal  surface  of  ray  and  fuse  with  those  of  oppo- 
site side  so  that  the  whole  area  from  Uie  limit  of  paxillae  to  terminal 
plate  and  between  the  two  dorsal  rows  of  spines  is  a  thick  continuous 
mat  of  spinelets,  absolutely  identical  with  the  lateral  cribriform 
organs,  and  a  fimbriate  channel  leads  on  either  side  from  this  area 
along  the  lower  edge  of  the  terminal  plate.  The  total  number  of 
lateral  organs  is :  Kays  9+9+interbrachium  11=29.  This  varies  to  80, 
as  some  rays  have  an  additional  small  one  at  tip.  The  distal  organs 
are  of  course  rudimentary.  The  delicate  mostly  terete  spinelets  end 
in  a  blunt  or  even  capitate  fleshy  tip  (the  (^careous  part  being 
truncate  denticulate).  They  are  very  close-set,  in  regular  quincunx, 
and  decrease  in  length  distad,  markedly  beyond  the  sixth  marginal 
The  spinelets  of  the  vertical  marginal  series,  in  the  separated  organs 
are  flattened  and  imited  by  a  continuous  web;  all  other  spinelets  free 
and  independent. 

Paxillar  areas  with  a  stellato-penatagonal  contour  and  comprising 
the  disk  and  proximal  third  of  ray.  Paxillae  large,  fairly  high, 
crowded,  those  on  rays  largest,  decreasing  in  size  toward  center  of 
disk.  The  larger  paxillae  have  16  to  20  peripheral  and  5  to  15  central 
spinelets,  cylindrical  and  slightly  knobbed  at  tip,  and  one-third  to 
one-half  as  long  as  shaft  of  paxilla,  which  is  variable  in  thickness  but 
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elliptical  in  section.  The  bases  of  paxillae  are  also  elliptical,  slightly 
spaced,  and  independent.  Papulae  about  8  surrounding  a  plate; 
absent  from  a  narrow  midradial  area. 

Adambulacral  plates  longer  than  wide  with  7  or  8  compressed, 
basally  webbed  furrow  spines  on  a  curved  margin,  and  on  surface  of 
plate  10  to  12  much  shorter  spinelets,  similar  to  the  actinal  intermedi- 
ates, in  about  two  series.    Furrow  very  narrow. 

Mouth  plates  prominent  and  with  wide  suture.  Marginal  spines 
12,  the  innermost  abruptly  enlarged  into  a  flattened  conspicuous 
lanceolate  tooth,  the  others  subsimilar  to  adambulacrals.  Suborals 
about  15  to  a  plate,  in  two  series,  small  except  inner  two,  which  form 
a  series  just  back  of  the  teeth. 

Actinal  intermediate  areas  extensive,  the  plates  slightly  imbricated 
with  rounded  margin  toward  center.  The  rather  triangular,  broad, 
interradial  area  has  its  outer  angle  about  at  the  sixth  marginals, 
whence  the  plates  extend  in  a  narrow  and  tapering  band  to  within 
about  4  inferomarginals  of  end.  Plates  beset  with  spaced,  short, 
more  or  less  clavate  spinelets,  increasing  in  length  toward  margin. 
A  plate  near  center  of  area  has  6  to  10,  sometimes  as  many  as  12, 
spinelets.    Others  near  periphery  have  5  or  6. 

Madreporic  body  situated  a  little  more  than  its  own  diameter  from 
margin,  traversed  by  striae  proceeding  from  a  point  near  the  adcen- 
tral  margin,  and  bearing  many  little  blunt  spiniform  protuberances 
resembling  the  tips  of  paxillar  spinelets. 

Towig. — ^There  are  8  young  specimens  from  station  5425,  2  of 
which  were  recovered  from  the  stomach  of  Prionaster  gracilis.  I  am 
not  at  all  sure  that  these  belong  to  this  species.  They  are  young 
of  BenthogetUay  although  some  of  the  generic  characters  are  not  yet 
full-fledged.  The  smallest  of  the  three  has  B  5.5  mm.  and  4  marginal 
plates  to  the  ray  in  each  series;  the  largest  has  E  12  mm.,  and  10 
superomarginals,  which,  from  the  sixth  on  meet  their  neighbors  along 
the  midradial  line,  as  in  the  adult.  A  few  notes  on  the  latter  specimen 
are  appended. 

Kays  short,  less  pronounced  than  in  adult,  abactinal  paxillae  with 
4  or  5  spinelets,  and  a  little  more  uniform  in  size  than  in  type.  Mar- 
gin of  rays  and  disk  rounded,  the  sixth  superomarginal  not  enlarged. 
Terminal  plate  large,  but  ovoid,  and  as  broad  as  long,  with  only  4 
spines,  3  terminal,  and  1  dorsal.  Cribriform  organs  not  confluent 
in  the  interbrachium,  but  with  a  bare  space  as  wide  or  slightly  wider 
than  adjacent  organs  on  each  plate.  Spinelets  relatively  large,  and 
in  the  median  interbrachial  organ  in  6  vertical  series,  with  6  to  8  in 
each  series.  The  2  marginal  vertical  series  of  each  organ  webbed. 
Beyond  fifth  marginal  the  organs  are  reduced  to  simple  fimbriate 
channels.    The  median  radial  cribriform  organ  so  characteristic  of 
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the  adult  is  indicated  only  in  a  fimbriate  channel  between  the  3 
series  of  superomarginal  plates.  One  or  2  superomarginals  hare 
a  special  dorsal  spine. 

The  epiproctal  peduncle  is  prominent,  and  there  is  certainly  a  tiny 
pore  at  the  summit.  Whether  this  is  confined  to  immature  life  can 
not  be  determined. 

Actinal  intermediate  areas  with  well-spaced,  small  spinelets. 
Adambulacral  plates  longer  than  wide  with  a  palmate  series  of  5 
flattened  pointed  furrow  spinelets  disposed  along  the  obtusely  angu- 
lar margin,  and  basally  webbed.  Subambulacral  spinelets,  small,  1 
or  2,  or  absent.  Mouth  plates  with  8  marginal  spinelets;  suborals 
few,  rudimentary. 

These  young  specimens  resemble  the  genus  HypJudaater^  more  es- 
pecially H.  hyaJkfmB  Sladen.  They  differ  from  this  genus,  however, 
in  having  cribriform  organs  between  all  the  marginals.  Hence  the 
number  of  organs  is  determined  by  the  number  of  marginals.  It  is 
important  to  note  that  a  certain  strongly  marked  character  of  the 
adult,  and  one  which  is  believed  to  be  generic,  is  only  partly  de- 
veloped in  these  immature  examples.  I  refer  here  to  the  peculiar 
distribution  of  the  cribriform  organs,  which  in  the  interbrachium 
are  fused  into  one  in  the  adult,  and  also  occupy  the  dorsal  radial 
area  of  the  distal  portion  of  ray.  In  the  adult  the  terminal  plate  is 
entirely  dorsal  to  the  superomarginals  but  in  the  young  only  the 
proximal  half  overlies  the  distal  superomarginals. 

With  only  the  young  specimens,  it  would  not  be  possible  to  cor- 
rectly diagnose  the  genus  Benthogema.  Since  several  species  of 
PoroeUanaster  have  been  named  from  very  immature  types,  it  is 
probable  that  the  adults  will  be  difficult  to  identify  correctly. 

Type.— CbX.  No.  28655,  U.S.N.M. 

Type-locality. — Station  5513,  Iligan  Bay,  northern  Mindanao,  lat. 
8^  16'  45''  N.;  long.  124^  02'  48"  E.;  505  fathoms,  bottom  temper- 
ature 52.8°  F.,  gray  mud  and  fine  sand. 

Distribution. — Mindanao  Sea  and  Sulu  Sea,  Philippine  Islands. 

Specimens  examined. — The  type,  and  three  inmiature  from  sta- 
tion 5425,  Sulu  Sea,  near  Cagayanes  Islands,  495  fathoms,  gray  mud, 
coral  sand,  bottom  temperature  49.4*^  F. 

Remarks. — ^As  indicated  in  the  diagnosis,  the  genus  Benthogenia 
is  distinguished  by  the  possession  of  an  indefinite  number  of  cribri- 
form organs,  these  being  present  between  all  the  marginals,  by  the 
fusing  of  the  cribriform  organs  of  the  interbrachium,  by  the  presence 
of  a  curious  dorsal  cribriform  organ  on  the  surface  of  those  supero- 
marginals which  unite  in  the  median  line  of  ray,  and  by  an  entirely 
dorsal  spiniferous  prominent  terminal  plate.  The  genus  probably 
stands  nearest  Hyphalaster^  although  resembling  TTioracaster  in  the 
abundance  of  actinal  intermediate  spinelets.    The  structure  of  the 
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adambulacral,  mouth,  marginal  and  terminal  plates  is  near  that  of 
HypJidlaster.  Benthogenia  might  be  described  as  a  Hyphdlas(er 
having  cribriform  organs  between  all  the  marginals,  and  a  dorsal 
cribriform  organ  on  the  distal  portion  of  ray.  The  last,  I  believe,  is 
not  found  in  any  other  genus,  nor  does  any  genus  of  the  Porcellanas- 
teridae  have  cribriform  organs  of  an  indefinite  and  large  number. 
The  genus  Lysaster  Bell  ^,  the  type  of  which  I  have  had  the  privi- 
lege of  examining,  seems  to  me  to  be  a  near  relative  of  Thora- 
caster.  The  actinal  intermediate  plates  have  numerous  short,  sharp 
spines,  and  the  adambulacral  plates  4  sharp  furrow  and  about  3 
shorter  sharp  subambulacral  spines.  There  are  7  cribriform  organs 
to  each  interradius,  which  extend  ventrally  nearly  or  quite  to  the 
inner  edge  of  the  inferomarginals,  the  intermediate  bare  area  being 
equal  to  the  width  of  the  organ.  There  are  no  cribriform  organs  on 
the  ray,  the  most  distal  one  being  on  the  adoral  margin  of  the  first 
superomarginals  that  meet  medially.  There  are  10  or  11  supero- 
marginals  and  the  large  terminal  plate,  overlying  the  2  last  supero- 
marginals of  each  series,  has  3  large  spines.  On  each  series  of  su- 
peromarginals of  the  ray  only  are  1  or  2,  usually  2,  stout  dorsal 
acute  spines — ^thus  3  or  4  to  a  ray.  The  paxillae  are  astropec- 
tinoid,  well  developed,  and  the  madreporic  body  is  close  to  the 
margin,  exposed,  and  a  little  broader  than  width  of  exposed  portion 
of  superomarginal. 

Famfly  GONIOPECTINIDAE  Verrill,  emended. 

Oaniopectinidae  Vkrbhx,  1889,  p.  213.— Fisheb,  1911(1,  pp.  17,  22;  1916a, 
p.  2.. 

Diagnosis. — Specialized  fascioles  or  cribriform  organs  between 
all  the  marginal  plates;  actinal  plates  in  double  transverse  series, 
there  being  between  every  pair  a  specialized  f asciolar  channel,  roofed 
by  webbed  spinelets,  leading  from  the  marginal  fascioles  to  the 
furrow;  ampullae  single;  superambulacral  plates  present;  abactinal 
skeleton  astropectinoid. 

Remarks. — ^In  Asteroidea  of  the  North  Pacific  and  Adjacent 
Waters  (Fisher,  1911rf,  p.  19)  the  family  Goniopectinidae,  proposed 
by  Prof.  A.  E.  Verrill,  was  said  to  differ  from  the  Porcellanasteridae 
m  having  double  ampullae  connected  with  the  tube  feet,  and  in  hav- 
ing an  intestine  and  intestinal  coecum.  The  component  genera  of  the 
Goniopectinidae,  Goniopecten  and  Prionaster^  bear  the  closest  resem- 
blance to  Ctenodiscus  which  has  always  heretofore  been  regarded 
as  one  of  the  Porcellanasteridae.  This  resemblance  results  from 
the  fflinilar  characteristic  biserial  arrangement  of  the  skin-covered 

^  Report  on  tbe  Bchlnoderma  collected  by  Mr.  J.  Stanley  Gardiner  in  the  Western  Parts 
of  the  Indian  Ocean.  Trans.  Linn.  Soc.  London,  ser.  2,  toI.  18,  Zoology,  October,  1909. 
p.  21,  pi.  8,  Lvtaster  lorioH,  By  a  lapsus  Professor  Bell  placed  this  genus  In  the 
Ooniaiteridae.    The  plate  shows  Its  cribriform  organs  and  PorceUanasterld  habit 
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actinal  plates  with  the  intervening  fasciolar  channels,  the  similar 
structure  of  the  marginals,  between  which  are  cribriform  organSy 
and  the  similar  form  and  armature  of  the  adambulacral  and  mouth 
plates. 

All  species  of  Ooniopecten  and  Prionaater^  however,  have  single 
ampullae,  thus  eliminating  the  principal  supposed  difference  betw^een 
these  genera  and  Ctenodiacus.    What  I  formerly  regarded  as  the 
lower  lobe  of  the  ampulla  in  Prionaster  proves  to  be  only  a  swelling 
probably  due  to  the  extreme  contraction  of  the  muscular  vesicles.     If 
the  swelling  has  any  significance  at  all,  it  is  the  merest  rudiment  of 
a  ventral  lobe  and  the  ampullae  are  to  be  regarded  as  single.    This 
fact  seems  to  make  it  advisable  to  unite  the  three  genera  in  a  single 
family  which  would  be  separated  from  the  Porcellanasteridae  proper 
by  the  presence  of  cribiform  organs  between  all  the  marginals,*  by 
the  actinal  fascioles,  and  by  the  presence  of  superambulacral  plates. 
Although  an  apical  pore  may  be  present  in  Ctenodiacus^  I  have  also 
dissected  specimens  in  which  I  could  find  no  trace  of  an  opening, 
nor  of  a  tubular  connection  between  the  stomach  and  the  "  epiproctal 
cone."    In  the  middle  of  the  dorsal  side  of  the  stomach  there  is 
a  roundish  lobe  of  small  size  which  may  represent  the  degenerated 
rudiment  of  a  coecum.    Prionaater  eZegana^  on  the  other  hand,  has 
a  fairly  large,  butterfly-shaped  coecum,  connected  with  the  apical 
pore  by  a  definite  tubule.    P.  megaloplax  has  a  conspicuous  "  anal  ^ 
aperture.    This  difference  between  Prionaater  and  Ctenodiacua  must 
be  weighted  against  the  important  common  characters  mentioned 
above,  and  stated  in  the  diagnosis  of  the  family.    On  account  of  its 
more  Porcellanasterid  characters  Ctenodiacua  may  well  come  first 
in  the  family.    Presumably  Pectimdiacua  belongs  here  also,  parallel- 
ing the  characters  of  Prionaater. 

Subfamily  Ctenodiscinae  Sladen. 

Diagnoaia. — ^Marginal  cribriform  organs  consisting  of  superim- 
posed transverse  webbed  combs  of  spinelets ;  intestinal  coecum  obso- 
lete ;  no  intestine. 

Genus  CTENODISCUS  Muller  and  Troschel. 

Ctenodiscus  MI^ller  and  Tbosghel,  1842,  p.  76.    Type,  Aateriaa  criapata 
Retzius. 

CTENODISCUS  ORIENTAUS  FblMr. 

Plate  2,  figs.  2-4;  plate  7,  figs.  1,  lo-e. 
Ctenodiacua  orientals  Fisher,  1913a,  p.  601. 

Diagnoaia. — Differs  from  Ctenodiacua  criapatua  in  having  longer 
and  relatively  much  slenderer  rays,  on  which  the  paxillar  area  is 

^  An  exception  in  Benthogenia, 
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very  narrow;  constantly  very  small  pazillae;  much  more  nmnerous 
marginal  plates;  lower  inferomarginals,  of  which  the  whole  exposed 
surface  is  confined  to  lateral  surface  of  ray ;  very  delicate  and  not  at 
all  flattened  fasciole  spinelets;  smaller  and  more  numerous  actinal 
plates  in  each  corresponding  double  series;  differently  shaped  and 
more  angular  adambulacral  plates,  with  a  different  armature; 
madreporic  plate  with  finer  and  more  numerous  ridges.  B=52  mm., 
r=14  mm.,  'R^i.l  r;  breadth  of  ray  at  middle  of  B,  about  10  nmot. 
(An  unusually  slender  rayed  criapatua  from  Japan:  B=2.8  r; 
breadth  of  ray  at  middle  of  B,  14  mm.) 

Description. — ^Bays  constantly  long  and  slender  with  wide,  rounded 
interbrachia;  disk  moderate.  Paxillar  area  narrow  on  rays,  being 
about  equal  at  the  middle  to  height  of  combined  marginal  plates. 
Paxillae  small,  delicate,  with  upward  of  10  slender  equal  terete  spine- 
lets  on  the  largest,  4  or  5  on  the  smaller.  A  prominent  slender  cone 
present  on  center  of  disk,  on  which  the  plates  are  smaller  than 
elsewhere. 

Marginal  plates  numerous  (26  or  27  to  a  ray  in  each  series),  the 
superomarginals  proximally  higher  than  inferomarginals,  distally 
suhequaL  Fascioles  deep  between  superomarginals,  very  shallow  be- 
tween inferomarginals,  the  spinelets  supporting  the  membrane  being 
delicate  and  slender,  and  relative  to  height  of  plate,  longer  than  in 
crispattis.  The  superomarginals  are  lower  in  orientalis  than  in  cris- 
patus,  the  height  being  equal  to  about  the  length  of  one  and  a  half 
plates  in  the  interbrachium  (two  in  crispatvs)^  while  far  along  ray 
both  series  are  square  (higher  than  wide  in  criapatus).  The  infero* 
marginals  are  conspicuously  lower  than  in  Gviapatua^  the  exposed 
surface  being  confined  to  lateral  wall  of  ray,  while  in  criapatua  they 
encroach  markedly  upon  the  actinal  area.  About  8  to  10  fasciolar 
spinelets  in  total  width  of  an  interbrachial  inferomarginal,  about 
12  to  a  superomarginal  (respectively  about  14,  and  12  to  14  in  cris- 
patua).  The  specialized  marginal  spines  slenderer  than  in  criapatua 
and  the  inferomarginal  series  sometimes  absent  except  on  outer  part 
of  ray.  The  inferomarginal  spines  have  a  hyaline  tip  and  are  slen- 
derer and  shorter  than  the  superomarginal.  Each  series  occupies  the 
same  relative  position  on  plate  as  in  criapatua. 

Actinal  interradial  areas  smaller  than  in  normal  criapatua.  The 
plates  being  smaller,  usually  more  nmnerous,  and  the  fasciolar  spine- 
lets more  delicate.  In  either  double  series  nearest  the  interradial  line 
there  are  16  to  28  plates  (8  to  12  in  a  single  series).  In  criapatua^ 
16  plates  is  usually  the  maximum  number. 

Adambulacral  plates  with  the  aboral  half  of  the  furrow  margin 
excavated  to  receive  the  tube  foot,  the  adoral  half  being  prominent 
and  angular  with  three  tapering  sharp  spinules,  the  median  the  long- 
est, proximally  equaling  width  of  plate,  distally  exceeding  width. 
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One  or  two  smaller  spinelets  continue  the  furrow  series  along  the 
concave  portion  of  mar^,  and  directly  behind  these  on  the  surface 
of  plate  is  a  conical  hyaline  spinelet,  stouter  and  shorter  than  the 
furrow  spinelets,  except  on  the  first  five  or  six  plates,  as  the  subambu- 
lacral  becomes  smaller  from  the  fifth  plate  toward  the  mouth,  and  is 
more  delicate  than  the  furrow  serie& 

Mouth  plates  with  4  or  5  marginal,  and  6  to  8  suboral,  spineleta 

Superambulacral  plates  present,  small,  the  first  plate  occurring  on 
the  fourth  ambulacral  ossicle  (on  the  third  in  crispatus). 

Type.— Chi.  No.  80505,  U.S.N3f. 

Type-locality. — Station  5528,  between  Siquijor  and  Bohol  Islands, 
Philippines,  429  fathoms,  globigerina  ooze,  bottom  temperature 
53.8°  F. 

Diatributian. — ^From  the  east  coast  of  Luzon  to  Borneo  and  Celebes, 
839  to  742  fathoms,  on  globigerina  ooze  and  mud. 

Specimens  examined. — ^Thirty-three. 

Specimens  of  Ctenodiscus  orientalis  examined. 


sta- 
tion. 


LoeaHty. 


Depth. 


Nature  of  bottom. 


Bot- 
tom 
tem- 

rare. 


SIM 

6274 
6428 

64eo 

6470 

6409 

6527 


5585 
6586 

6687 
6605 

6618 
6619 

6656 


Sulu  Sea.  vicinity  southern  Panay,  10* 

84' 45"  N.J  126*^47' 80"  E. 

China  Sea,  8W.  of  ICanllaBay 

Sulu  Sea,  vicinity  Cagayanes  Is.,  0*  88' 

80"  N.;  121*  irB. 
Lagonoy  Gulf,  B.  coast  Luxon,  18*  82^  80" 

N.;  la*  68'  06"  E. 
Lagonoy  Oulf,  E.  Coast  Luxon,  18*  87' 

80"  N.;  128*  41' 09"  E. 
Mindanao  Sea .  vicinity  of  Iligan  Bay .... 

Between  Siquijor  and  Bohol  Islands 

....do 

do 

Sibuko  Bay,  Borneo 

OuU  of  Tomini,  Celebes,  0*  21'  28"  N.; 

121*  84' 10"  E. 
Molucca  Passage,  0*  87'  N.;  127*  15'  E . . 
Molucca  Passage,  0*  85'  N.;  127*  14' 

40"  E.     ^^ 
Gulf  of  Bonl,  8*  17'  40"  S.;  120*  86'  45"  E , 


FttOh 

om$. 

742 


506 
566 

600 

664 

892 
489 
441 
447 
847 
415 
047 

417 
485 

484 


Soft  green  mud.. 


Oray  mud,  sand 

Qray  mud,  ooral  sand . 


Oray  mud.. 
Mud 


49.6 


41.8 
49.8 


Oreen  mud.  fine  sand. . . 

Globigerina  ooze 

....do 

Gray  mud,  globigerina. . 

Fine  sand 

Gray  mud 

Green  mud,  sand  coral. . 


82.8 
68.8 
68.8 


41.1 


Gray  mud 

Fine  gray  sand,  mud. 

Gray  mud 


41.2 


Subfamily  GoNiOPEcrriNiNAB  Fisher. 

OoniopecHninae  Fisher,  1916a,  p.  2. 

Diagnosis. — ^Marginal  cribriform  organs  consisting  of  discrete 
spinelets  covered  by  a  single  webbed  series  on  the  transverse  margin 
of  the  plate ;  well-developed  intestinal  coecum,  intestine,  and  apica) 
pore. 

KBT   TO    THB   KNOWN   GBNEBA   OF  GONIOPBCTININAB. 

a\  No  odd  interradial  marginal  plate ;  a  fimbriate  chaimel  leading  from  outer 
end  of  mouth  plates  to  the  median  interradial  cribriform  organ. 

Cfoniopeoten  Perrier. 
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a'.  An  odd  interradial  marginal  In  both  series ;  a  doable  column  of  actlnal  inter- 
mediate {dates  replacing  tbe  Interradial  fasdole,  and  meeting  tbe  odd 
marginal PrUmaster  VerrllL 

Creniis  60NI0PECTEN  Perrier. 

Qoniopecten  Pebbieb,  1881,  p.  24.    Type,  O.  demonstrana  Perrier. 
GONIOFECTEN  ASIATICU8  Fbhtr. 

Plate  4,  fig.  1;  plate  5,  fig.  2;  plate  7,  figs.  8,  Bor-o;  plate  8,  figs.  1,  la. 

Oaniopecien  aHaticus  Fishsb,  1918a,  p.  601. 
DiagnoHs, — ^Differing  from  G.  demonstrams  Perrier  in  having  a 
complete  series  of  spines  on  both  supero-  and  inf eromarginal  plates, 
and  open  cribriform  organs  between  the  proximal  marginals.  R=185 
mm.,  r=27  mm.,  R=5  r;  breadth  of  ray  at  base,  31  mm.  Disk  mod- 
erate; rays  long,  stout,  with  vertical  sides.  Marginal  plates  mas- 
sive, with  f asciolar  grooves  containing  cribriform  organs,  those  prox- 
imally  being  open  as  in  Porcellanasteridae.  Paxillae  large,  crowded, 
with  upward  of  60  short,  subequal  spinelets  on  rather  high  tabula. 
Adambulacral  plates  with  6  to  10  furrow  spines,  the  adoral  con- 
spicuously enlarged  on  the  proximal  plates;  also  with  1  or  2  promi- 
nent subambulacral  spines  distally,  5  to  8  proximally. 

Description. — ^The  abactinal  paxillae  are  close-set,  frequently  in 
contact,  flat-topped,  and  rather  large.  The  largest  are  on  the  proxi- 
mal radial  areas,  decreasing  in  size  toward  center  of  disk  and  along 
rays,  and  from  the  radial  line  toward  margin  of  area.  On  outer 
fifth  of  ray  the  superomarginals  are  in  contact  medially.  The  paxil- 
lae are  arranged  in  not  at  all  regular,  oblique,  series  extending  from 
the  narrow  median  radial  area,  where  they  are  not  in  regular  order, 
to  marginal  plates,  about  7  of  these  ill-defined  rows  corresponding 
to  2  superomarginal  plates  at  base  of  ray.  The  bases  of  the  median 
radial  paxillae  are  broadly  elliptical ;  those  of  the  dorsolateral  areas 
are  subcircular  or  poorly  defined  hexagons  and  pentagons.  Neither 
sort  are  very  regular,  and  the  plates  are  separated  usually  by  a  slight 
interspace.  The  plates  have  a  high  shaft  or  tabulum,  slightly  nar- 
rowed at  the  summit  and  often  variously  compressed  or  with  3  to  5 
unequal  sides,  rather  than  a  circular  cross-section.  The  spinelets  are 
very  much  shorter  than  the  tabulmn  and  commonly  stand  upright, 
forming  a  compact  elliptical,  or  three  to  five-sided  group  of  40  to 
60  (on  the  larger  paxillae) .  The  spinelets  are  cylindrical,  membrane- 
invested,  and  the  tip  is  rounded  or  often  knobbed  with  membrane, 
while  the  peripheral  series  has  an  inconspicuous  web  at  the  base. 
When  the  spinelets  radiate  apart  the  paxilla  is  roimdish.  Far  along 
the  ray  there  are  10  to  15  spinelets  on  the  dorsolateral  paxillae,  and 
upward  of  40  on  the  median  radial. 

Papulae  absent  from  median  radial  line;  elsewhere  usually  in 
axes  about  each  plate. 
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Superomarginal  plates  42  to  a  ray,  the  last  10  or  11  on  each  side 
of  a  ray  m  contact  medially,  and  not  corresponding  plate  to  plate, 
but  sometimes  alternating.  Beyond  the  interbrachial  arcs  the  plates 
encroach  more  and  more  upon  the  abactinal  area  as  the  extremity 
of  i*ay  is  approached,  so  that  from  being  proximally  higher  than 
wide  they  become  wider  than  high.  The  general  surface  of  the 
plate  is  covered  with  smooth  skin  and  each  bears  on  the  rounded 
angle  between  the  dorsal  and  lateral  face  a  short,  sharp,  slightly 
compressed,  conical  spine.  A  similar  spine  occurs  in  a  correspond- 
ing position  on  each  inferomarginal.  Proximally  the  vertical  &s- 
ciolar  grooves  (continuous  between  both  supero-  and  inferomarginal 
plates)  are  wider  than  the  elevated  ridge  separating  them,  but  be- 
come narrower  toward  the  end  of  the  ray.  The  margin  of  ihc  ele- 
vated ridge  is  provided  with  a  series  of  niunerous  delicate  j^pindets 
entirely  immersed  in  a  web,  which  continues  uninterrupted  to  the 
adambulacral  plates,  roofing  over  the  channels  between  the  consecu- 
tive double  series  of  actinal  intermediate  plates.  T]\e  graives  be- 
tween the  marginal  plates  are  closely  packed  with  delicate  spinelets 
in  quincunx,  these  being  visible  at  base  of  ray,  and  /orming  8])ecial- 
ized  cribriform  organs  wider  than  the  naked  ridge  separating  suc- 
cessive grooves.  But  these  cribriform  organs,  along  with  the  groove 
containing  them,  become  narrower  and  narrower  toward  the  end  of 
ray,  and  beyond  the  midde  of  ray  are  entirely  roofed  over  by  the 
peripheral  web.  The  cribriform  organs  are  slightly  wider  at  the 
top  than  at  the  lower  end,  and  contain  about  16  vertical  rows  of  un- 
webbed  spinelets.  On  the  inferomarginal  series,  the  organ,  which  is 
absolutely  the  same  and  continuous  with  that  of  the  superomarg^inal, 
narrows  quickly  and  ends  at  the  ventrolateral  angle  of  the  ray. 
Proceeding  along  the  ray  the  organs  become  closed  over  by  the 
peripheral  roofing  web  somewhat  sooner  than  do  the  superomarginal 
f ascioles.  The  exposed  surface  of  the  cribriform  organs  forms  a 
shallow  V-shaped  channel  paved  by  the  tips  of  the  spinelets. 

The  lateral  face  of  the  inferomarginal  (between  the  ventrolateral 
spine  and  dorsal  suture)  is  proximally  about  two-thirds  as  high  as 
that  of  the  corresponding  superomarginal,  but  beyond  basal  third  of 
ray  becomes  nearly  or  quite  equaL  There  is  a  slight  depression 
marking  the  suture  between  the  two  series  of  marginals,  but  no 
fascicle,  the  membrane  being  continuous.  The  actinal  surface  of 
inferomarginals  is  proximally  slightly  wider  than  high  and  sub- 
equal  distally.  The  cribriform  organs  end  abruptly  at  the  ventro- 
lateral angle,  the  channels  between  that  point  and  the  furrow  being 
shallow,  and  covered  by  the  webbed  spinelets  only.  Terminal  plate 
broadly  obovoid,  depressed,  with  sometimes  a  spine  on  ventrolateral 
comer. 
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The  actinal  intermediate  plates  extend  to  the  eighteenth  inf  ero- 
marginal,  or  somewhat  less  than  half  the  length  of  ray,  but  beyond 
the  fifth  inferomarginal  there  is  only  a  single  series,  largely  ob- 
scured by  membrane.  The  first  double  row  of  plates  extends  from 
the  first  inferomarginal  to  a  mouth  plate,  and  touches  also  the  first 
2.5  or  3  adambulacrals;  these  two  series  contain  7  and  6  plates,  re- 
spectively. The  second  double  series,  with  6  and  4  plates,  corre- 
sponds to  part  of  the  third,  the  fourth,  and  half  the  fifth  adambu- 
lacrals, or  to  the  third  and  fourth  only.  The  third  double  series  has 
8  plates  in  each  row,  and  the  fourth  and  fifth  double  series  have  2 
plates  in  each  row.  In  addition  to  the  flattened,  rather  broad,  deli- 
cate spinelets  supporting  the  marginal  web,  some  of  the  plates  have 
1  or  2  inconspicuous  spinelets  largely  obscured  by  membrane. 

The  adambulacral  plates  have  an  angular  furrow  margin.  The 
facet  hr  side  toward  the  mouth  is  shorter  on  the  first  10  or  12  plates 
than  the  other  facet.  The  first  4  or  5  plates  appear  as  if  the  furrow 
margin  were  oblique,  as  the  short  adoral  facet  is  wholly  occupied  by 
an  enlarged  furrow  spine.  The  first  plate  is  compressed.  The  fur- 
row spines  increase  from  6  on  the  first  plate  to  9  or  10  far  along  the 
ray.  Proximally,  the  adoral  spine  of  the  series  is  much  enlarged, 
the  others  being  graduated  in  length  to  the  end  of  the  series,  the  last 
being  short  Beyond  the  sixth  or  seventh  plate  the  enlarged  spine 
decreases  in  relative  size,  and  gradually  moves  toward  the  center  of 
the  group.  The  spines  form  a  palmate  radiate  group,  are  stout, 
webbed  basally,  and  have  a  little  knob  of  tissue  on  the  tip.  The  first 
7  or  8  plates  have  6  to  8  stubby  spinelets  on  the  margin,  more  or  less 
involved  in  the  web.  These  become  smaller  distally,  except  1  or  2, 
which  stand  on  the  aboral  margin,  and  become  slightly  larger  and 
more  pointed.  The  first  6  or  7  plates  have  a  fasciolar  groove  adja- 
cent to  actinal  intermediate  plates,  but  beyond  this  point  the  mem- 
brane is  continuous. 

Mouth  plates  prominent,  the  combined  pair  being  narrowly  trun- 
cate-elliptical.   That  part  of  the  margin  bordering  on  the  furrow  has 

6  or  7  slender  spines,  followed  on  the  inner  end  of  plates  by  2  heavier, 
longer,  blunt  spines  (shorter  than  enlarged  adambulacral  spine). 
These  are  placed  higher  (or  nearer  the  median  suture)  and  merge 
into  a  series  of  7  or  8  similar  spines  along  the  median  suture.    Six  or 

7  other  spines  of  about  the  same  length,  but  slenderer,  form  an  angu- 
lar series  on  surface  of  plate  above  the  small  furrow  series,  and 
thence  along  the  border  of  suture  adjacent  to  first  adambulacral. 

Madreporic  body  convex,  with  five  striae,  situated  1.5  times  its  own 
diameter  from  marginal  plates.  It  is  as  wide  as  the  length  of  first  2 
saperomarginals.    AmpuUae  single. 
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Type.—Ceit.  No.  30506,  U.S.N.M. 

Type-locdlUj/.—St9Ltion  6121,  east  coast  of  Mindoro  (lat.  18^  27'  20" 
N.;  long.  121**  17'  45"  E.),  108  fathoms,  dark  green  mud;  1  speci- 
men. 

Distribution. — Elnown  only  from  the  type-locali^. 

Remarks. — ^This  species  differs  from  O.  demonatrcms  Perrier  in 
having,  proximally,  more  open  cribriform  organs,  in  having  a  row 
of  spinelets  on  both  series  of  marginal  plates,  larger  paxillae,  supero- 
marginals  in  contact  distally,  and  a  different  adambulacral  armature. 

Genus  PRIONASTER  VerrUl. 

Pfionasier  VEBsnx,  1809,  p.  215. 

KBT  TO  TBB  KNOWN  SPBCIBS  OF  PRIONASTEB. 

a\  A  specialized  or  enlarged  spine  on  the  diistal  transverse  border  of  the  adam- 
bulacral plates  beyond  proximal  third  of  ray ;  inferomarginal  spin^  well 
developed  and  present  on  all  the  plates ;  interbrachial  cribriform  organs 
more  or  less  open. 
^  \  Superomarginal  spine  conspicuous  and  present  on  all  the  plates ;  paxUlae 
small. 
o^  R=not  more  than  5  r;  distal  superomarginals  apparently  in  contact 
medially ;  madreporic  body  small  with  transrerse  striae ;  cribrifom 
organs  only  slightly  open,  in  Interbrachium ;  odd  interradlal  double 
series  of  actinal  intermediate  plates  narrow  at  inner  end,  the  series 
not  wedge-shaped ;  first  adambulacral  perceptibly  compressed ;  10  or 

11  furrow  spinelets analoffus,  p.  50. 

c*.  R=more  than  6  r;  distal  superomarginals  not  in  contact  medially; 
madreporic  body  large  with  radiating  striae;  cribriform  organs  open; 
odd  interradlal  dou^  series  of  actinal  intermediate  plates  wide  at 
inner  end,  the  combined  series  wedge-shaped ;  first  adambulacral  not 

compressed ;  12  or  13  furrow  spinelets gracilis,  p.  55. 

b  *.  Supermarginal  spine  absent  or  very  small,  and  present  on  only  a  part  of 
the  plates ;  paxillae  very  large ;  madreporic  body  large  with  radiating 
striae ;  cribriform  organs  moderately  open ;  paxillar  area  reaching  tet- 

minal  plate megaloplax,  p.  56. 

a*.  No  enlarged  spine  on  distal  transverse  border  of  adambulacral  plates;  in- 
feromarginal spines  small  and  sometimes  absent  from  first  few  plates; 
interbrachial  fascioles  closed,  the  combs  meeting  in  the  middle  of  the 
faciole ;  paxillae  at  base  of  ray  with  7  or  8  central  and  15  to  17  peripheral 
spinelets ;  12  furrow  spines ;  actinal  surface  of  inferomarginals  minutely 
bossed  under  the  skin elegan$, 

PRIONASTER  ANALOGUS  Firiier. 

Plate  8,  fig.  1 ;  plate  4,  fig.  2 ;  plate  6,  fig.  2 ;  plate  8,  fig.  3,  8a-c. 
Prionaster  andlogus  Fishkb,  1913a  p.  602. 

Diagnosis. — Superficially  resembling  Goniopecten  astaticus,  but 
with  smaller  paxillae.  Differing  from  P.  elegwns  Verrill  in  having 
smaller  and  less  compactly  placed  paxillae,  an  enlarged  spine  on 
the  distal  transverse  border  of  plate,  slightly  open  cribriform  organs 
in  interbrachium,  and  no  minute  bosses  on  the  actinal  surface  of  the 
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inf eromarginal  plates.  Rays  5.  R  =  105  mm.,  r  =  23  mm.,  r  =  4.6  r ; 
breadth  of  ray  at  base,  24  mm.;  at  eighth  inf  eromarginal,  12  mm. 
Bays  long,  slender,  tapering  abruptly  at  base,  then  scarcely  at  all 
until  near  the  end ;  rays  roughly  rectangular  in  section  (about  half 
as  wide  as  high),  the  four  angles  abruptly  rounded;  disk  moderate; 
interbrachial  arcs  wide  and  open.  Paxillae  rather  small ;  madreporic 
body  medium  sized;  furrow  spines,  10  or  11,  and  beyond  base  of  ray, 
a  subambulacral  spine  which  is  slightly  larger  than  inferomarginal 
spine. 

Description. — Paxillar  area  narrow  on  outer  two-thirds  of  ray, 
and  almost  obliterated  for  the  length  of  the  distal  10  or  11  supero- 
marginals,  which  very  nearly  touch  medially.  Paxillae  small,  rather 
close-set,  arranged  in  slightly  oblique  transverse  rows  on  either  side 
of  the  radial  line,  where  the  plates  are  not  more  crowded.  Some- 
times the  rows  can  be  traced  completely  across  the  ray.  About  9  of 
them  correspond  to  2  superomarginals  xt  the  base  of  ray.  The 
abactinal  plates  are  broadly  elliptical  to  subcircular  or  faintly  hexa- 
gonal, and  are  not  in  contact.  Those  in  the  interradii  are  largest 
The  tabulum  or  stalk  of  the  paxilla  is  relatively  high,  has  much  the 
same  shape  in  section  as  the  base  (although  often  more  compressed 
or  with  several  sides)  and  is  crowned  by  a  group  of  short,  terete, 
knobbed  spinelets  of  which  6  to  9  ordinarily  form  the  radiating 
basally  webbed  peripheral  series  and  1  to  8  or  none  occupy  center 
of  group.  Relatively  few  large  paxillae  have  20  peripheral  and  8 
to  10  central  spineleta  Papulae  in  sixes  about  each  plate;  absent 
from  midradial  line,  and  a  stellate  area  on  center  of  disk. 

Marginal  plates  exactly  correspond.  Superomarginals  (40  to  a 
ray)  are  higher  than  inferomarginals  except  on  outer  part  of  ray 
where  they  are  subequal,  and  where  the  former  are  wider  than  high. 
The  last  15  or  16  marginals  (of  both  series)  have  a  few  low  granu- 
liform  prominences  on  the  dorsal  and  ventral  surfaces,  these  en- 
croaching upon  lateral  surface  also  near  the  end  of  ray.  Each  plate 
of  both  series  bears  on  the  lateral  rounded  angle  and  aboral  edge  a 
stout,  short,  sharp,  conical  spine,  sometimes  somewhat  curved  and 
with  a  clear  tip.  The  spinelets  supporting  marginal  web  are  deli- 
cate, close  together,  and  in  the  interbrachial  arc  are  longer  than  the 
bare  exposed  ridge  of  the  plate.  Those  of  inferomarginals  are  not 
different  from  the  superomarginal  spinelets.  The  webs  nearly  meet 
across  the  cribriform  organs,  the  spinelets  of  which  can  be  seen 
between  the  edges  of  the  webs.  Farther  along  the  ray  the  webs 
entirely  cover  the  spinelets  beneath.  In  the  interbrachium  the  ridge 
between  the  cribriform  organs  is  narrower  than  the  cribriform  or- 
gans themselves,  and  also  narrower  than  the  depth  of  the  V-shaped 
groove  containing  the  organ.  The  cribriform  organs  extend  from 
the  upper  end  of  plate  to  actinolateral  spine,  and  thence  as  simple 
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channels  covered  only  by  the  webs,  to  the  ambulacral  furrow.  The 
spinelets  supporting  the  webs  on  actinal  surface  are  much  coarser 
than  those  of  lateral  surface.  Supporting  the  web  along  one  side  of 
an  interradial  superomarginal  are  about  30  spinelets,  and  of  the  cor- 
responding inferomarginal  as  far  as  the  spine,  about  15.  The  odd 
interradial  plates  are  just  like  the  others.  Terminal  plate  triangu- 
lar as  seen  from  above,  with  five  short  spines  on  the  broad  distal . 
end.  In  a  young  specimen  these  are  relatively  much  longer  and 
protect  the  terminal  tentacle. 

Actinal  intermediate  plates  extend  to  thirteenth  inferomarginal; 
but  beyond  the  fifth  there  is  only  a  single  longitudinal  series.  Each 
double  transverse  series  corresponds  accurately  to  an  inferomarginal, 
that  opposite  the  odd  plate  meeting  the  mouth  plate  and  first  or  first 
and  second  adambulacrals.  There  are  eight  plates  in  each  row  of 
the  odd  interradial  duplicate  series.  Surface  of  plates  smooth, 
covered  by  thin  membrane.  There  are  ordinarily  5  to  7  spinelets  on 
the  margin  of  each  plate  that  borders  a  fimbriated  channel.  From 
the  inner  or  coelomic  side  the  plates  are  seen  to  be  strongly  imbri- 
cated, the  free  edge  being  that  toward  margin. 

Adambulacral  plates  with  an  angular  furrow  margin,  the  apex  of 
which  is  nearly  in  the  center  of  plate  beyond  middle  of  R,  but  moves 
toward  the  adoral  edge  of  plate  as  the  mouth  is  approached,  until  on 
the  first  5  or  6  plates  the  apex  is  so  near  the  adoral  side  of  plate 
that  the  free  margin  is  quite  oblique,  as  in  Goniopecten.  The  furrow 
margin  bears,  on  the  first  (compressed)  plate  6  to  8  spines,  on  the 
rest  10  or  11,  basally  webbed;  they  are  rather  long,  close-set,  blunt,  or 
dully  pointed,  and  the  longest  spine  is  on  the  apex  of  the  angle,  the 
rest  becoming  gradually  and  markedly  shorter  toward  either  end  of 
series.  The  groups  tend  to  meet  across  the  furrow  and  segregate 
consecutive  pairs  of  tube  feet.  At  the  base  of  ray,  about  10  plates 
are  free  from  the  actinal  plates  and  bear  a  marginal  series  of  6  to  8 
stout  spinelets  webbed  for  about  half  their  length.  One  or  2  of  these 
on  the  aboral  edge  of  plate  become  gradually  enlarged.  Beyond  the 
tenth  plate  one  outstrips  the  other,  forms  a  specialized  sharp  sub- 
ambulacral  spine,  similar  to  but  slightly  larger  than  the  nearest  in- 
feromarginal spine.  Far  along  ray  the  furrow  spines  decrease  rap- 
idly in  size,  while  the  subambulacral  spine  decreases  slowly,  so  that 
there  the  discrepancy  in  size  between  the  two  is  greatest,  the  subam- 
bulacral being  the  longer;  proximally  the  reverse  is  true. 

Mouth  plates  prominent  actinally  and  very  similar  to  those  of 
Goniopecten.  The  plates  are  interradially  long  and  narrow.  The 
furrow  series  consists  of  8  or  9  small  spines,  similar  to  but  shorter 
than  those  of  the  first  adambulacral,  there  being  a  slight  angle  in  the 
series  near  inner  end  of  plate.  Two  or  8  irregular  series  of  much 
heavier,  short,  pointed  spines  occupy  the  sloping  surface  of  each 
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plate,  increasing  in  size  toward  the  inner  end  of  plate,  where  one 
forms  with  its  companion  a  pair  of  sharp  conical  teeth,  which,  how- 
ever, do  not  belong  to  the  true  marginal  series.  The  surface  of  each 
plate  has  15  or  16  spines. 

Madreporic  body  one  and  a  third  its  own  diameter  from  marginal 
plates.  In  diameter  it  equals  the  cross  diameter  of  the  combined 
mouth  plates,  or  not  quite  the  length  of  the  first  two  superomarginala 
It  is  crossed  by  striae  radiating  from  an  interradial  point  on  the 
adcentral  margin. 

Anatomical  notes. — ^As  the  internal  organs  of  this  genus  have  not 
been  described,  a  few  notes  on  their  salient  characters  will  be  given. 
The  stomach  is  large  and  simple,  filling  nearly  the  whole  disk,  and 
consists  of  a  single  spacious  cavity  without  dorsal  and  ventral  divi- 
sions. The  general  contour  is  roimdish,  but  is  subdivided  into  5  broad 
shallow  radial  lobes,  from  each  of  which  proceed  directly  2  short 
olive-green  hepatic  coeca,  scarcely  equaling  in  length  the  minor 
radius.  The  10  hepatic  coeca  are  about  equidistantly  spaced  on  the 
periphery  of  stomach.  On  each  side  of  the  ambulacral  ridge  2  strong 
muscular  and  tendinous  bands,  one  arising  from  the  first  and  second, 
and  the  other  from  the  third  ambulacral  ossicle  pass  upward  and 
spread  out  on  the  stomach,  on  each  side  of  the  base  of  a  hepatic 
coecum.  On  the  middle  of  the  dorsal  surface  of  stomach  and  con- 
nected with  it  by  a  small  aperture  is  a  small  three-lobed  intestinal 
coecum,  from  the  dorsal  side  of  which  a  very  short  intestine  leads 
upward  and  opens  by  an  almost  microscopic  pore.  If  this  aperture 
is  functional  it  must  be  simply  an  exit  for  products  of  the  intestinal 
coecum. 

Interbrachial  septa  wholly  membranous.  Gonads  opening  near 
marginal  plates  about  5  mm.  on  either  side  of  septum.  There  are 
altogether  10  bunches,  and  they  do  not  extend  along  ray.  Polian 
vesicle  in  each  interradius  except  that  of  madreporic  canal,  where 
there  are  2.  Ampullae  single ;  tube  feet  pointed.  First  ambulacral 
plate  enlarged  and  considerably  thicker  than  those  following,  and 
the  lower  end  is  Y-shaped  instead  of  spatulate.  The  proximal  limb 
of  the  Y  is  much  shorter  than  the  other,  and  between  the  two  is  the 
first  ampulla.  The  odontophore  has  two  lobes  toward  the  mouth  and 
a  single  very  much  broader  lobe  between  the  lower  ends  of  two 
neighboring  ambulacral  ossicles.  The  whole  surface  is  entirely  free. 
Snperambulacral  ossicles  present  but  small  at  the  pi^pximal  end  of 
the  series. 

Type.'-<^2Lt.  No.  30507,  XJ.S.N.M. 

Type-locality. — Station  6123,  east  coast  of  ACndoro,  220  to  283 
fathoms,  green  mud. 

Distribution. — Sulu  Sea  and  Mindanao  Sea,  Philippine  Islands, 
219  to  283  fathoms. 

13434— Bull.  100—19 6 
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Specimens  examined. — In  addition  to  the  type,  4  from  the  follow- 
ing stations: 

Station  6587,  between  Negros  and  Siquijor,  254  fathoms,  green 
mud,  bottom  temperature  53.5®  F. ;  1  specimen. 

Station  6541,  off  Point  Tagolo,  northern  Mindanao,  219  fathoms, 
fine  sand,  broken  shells,  bottom  temperature  58.8®  F.;  1  specimen. 

Station  5666,  between  Jolo  and  Tawi  Tawi  (east  of  northern 
Borneo)  248  fathoms,  fine  sand,  shells;  2  specimens. 

Bemarka. — ^This  species  resembles  more  closely  the  Atlantic  form, 
P.  elegans  Verrill  than  it  does  either  gracilis  or  megaloplax.  I  have 
been  able  to  compare  the  type  with  a  specimen  of  elegans  from  sta- 
tion 2400,  Gulf  of  Mexico,  169  fathoms.  The  differences  are  con- 
trasted below : 


analoguB, 
Paxlllae  at  base  of  ray  with  1  cen- 
tral and  9  or  10  peripheral  splnelets; 
paxlllae  not  dose-set  on  disk ;  smaller. 

Intervening  ridge  between  mar- 
ginal fascloles  about  half  as  broad 
as  the  fasclole,  or  even  less  than  half 
(in  Interbrachium). 

Fasciole  between  Inferomarglnals.not 
narrowing  toward  the  actlnolateral 
angle  of  ray  (as  marked  by  the  lateral 
spine).  Inferomarglnal  fascloles  on 
lateral  face  of  Interbrachium  not  nar- 
rower than  the  superomarglnal  fas- 
cloles. 

In  Interbrachium  the  fascloles  or 
cribriform  organs  are  slightly  open, 
and  are  deeper,  with  more  numerous 
splnelets. 

Inferomarglnal  spines  larger. 


Actlnal  surface  of  Inferomarglnals 
narrower,  without  granulations;  in- 
terradlal  Inferomarglnal  plate  bor- 
dered by  about  6  or  7  splnelets,  be- 
tween the  large  actlnolateral  spine 
and  the  Inner  margin  of  plate. 

Nine  to  11  furrow  spines,  there  be- 
ing an  enlarged  spine  on  the  distal 
transverse  border  of  plate  beyond  the 
proximal  third  of  the  ray. 

First  10  adambulacral  plates  are 
separated  from  the  actlnal  Interme- 
diate plates  by  a  longitudinal  fasciole. 


elegans, 

Paxlllae  at  base  of  ray  with  7  or  8 
central  and  15  to  17  peripheral  splne- 
lets; paxlllae  close-set  on  disk  and 
larger. 

The  Intervening  ridge  as  wide  as 
the  fasciole. 


Inferomarglnal  fascloles  of  lateral 
face  of  Interbrachium  narrowing  to- 
ward the  actlnolateral  angle  of  ray; 
the  fascloles  are  narrower  than  the 
corresponding  superomarglnal  fasci- 
cles. 

The  fascloles  or  cribriform  organs  of 
Interbrachium  are  closed,  the  combs 
meeting  in  the  middle  of  the  fascloles. 

Inferomarglnal  spines  smaller  and 
sometimes  absent  from  first  2  or  3 
plates. 

Actinal  surface  of  inferomarglnal 
plates  with  about  12  tiny  granuUform 
protuberances  or  bosses  under  the 
skin;  interradlal  inferomarglnal  plate 
bordered  by  11  or  12  splnelets  be- 
tween the  actlnolateral  spine  (if  this 
Is  present)  and  Inner  margin  of  plate. 

Twelve  furrow  spines,  there  being 
no  enlarged  spine  on  the  distal  trans- 
verse border  of  the  plate. 

Only  the  first  3  adambulacrals  are 
so  separated. 
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PBIONASTBB  GBAaUS  FblMr. 

Plate  8,  fig.  2 ;  plate  6,  fig.  1 ;  plate  9,  fig.  1,  la-b. 
Prionaster  gnicUis  Fishes,  1918a,  p.  003. 

Diagnosis. — ^Diflfers  from  Prionaater  analogus  in  having  conspicu- 
ously longer  rays,  with  a  distally  wider  paxillar  area  which  reaches 
terminal  plate;  paxillae  with  tenderer,  sharper  spinelets;  madre- 
poric  body  larger,  with  different  striation;  superomarginals  nar- 
rower abactinally;  cribriform  organs  open  and  exposed  proximally; 
longer  marginal  spines;  more  numerous  adambulacral  spinelets;  first 
adambulacral  not  compressed;  double  series  of  interradial  actinal 
plates  wider  at  inner  or  central  end ;  enlarged  subambulacral  on  mid- 
dle portion  of  ray  only.  R=165  mm.,  r=24  mm.,  R=6.9  r ;  breath  of 
ray  at  base,  24  mm.,  at  tenth  inf  eromarginal,  14  mm. 

Description. — ^Rays  very  long  and  slender  throughout  the  whole 
length.  Paxillae  small  and  crowded,  about  the  same  size  as  in 
analogu8j  but  the  spinelets  slenderer,  tapering,  and  bluntly  pointed, 
not  capitate  or  clavate  as  in  analogue.  The  paxillae  decrease  in  size 
from  the  proximal  radial  region  toward  the  end  of  ray  and  center  of 
disk.  About  9  paxillae  correspond  to  the  first  2  superomargi- 
nals. There  are  about  14  spinelets  to  a  large  paxilla.  At  middle  of 
ray  the  paxillar  area  is  2.5  times  the  width  of  dorsal  surface  of  su- 
peromarginals.   The  paxillae  reach  the  terminal  plate. 

Abactinal  plates  lozenge-elliptical  and  more  or  less  irregular  on 
the  ray,  becoming  more  circular,  with  indications  of  4  to  6  sides 
on  the  disk.  On  the  rays  the  plates  are  slightly  spaced,  but  just 
touch  one  another  on  the  disk.  The  papulae  extend  nearly  to  tip  of 
ray  and  are  absent  from  a  narrow  radial  strip,  and  from  center  of 
disk. 

Superomarginals,  74,  the  distal  plates  about  as  wide  as  high  (much 
wider  than  high  in  analogue)  j  and  the  last  4  plates  nearly  touch 
the  opposite  ones  medially.  The  paxillar  area  is  wider  distally  than 
in  analogue^  and  fewer  marginals  approach  the  median  line  despite 
the  much  longer  ray.  Cribriform  organs  much  more  open  than  in 
analogue  and  even  more  open  than  in  Goniopecten  aeiaticus^  espe- 
cially between  inferomarginals.  In  the  interbrachium  the  width  of 
the  exposed  portion  of  organ  (exclusive  of  marginal  web)  is  about 
1.5  mm.,  or  a  little  over  one-third  height  of  superomarginal,  or  one- 
half  lateral  face  of  the  inferomarginal.  The  organs  become  nar- 
rower very  gradually  toward  the  end  of  ray.  The  marginal  spines 
are  as  in  analogue  but  are  longer.  Terminal  plate  with  apparently 
but  4  terminal  spines  (only  1  ray  perfect). 

The  interradial  double  row  of  actinal  intermediate  plates  (7  in 
each  series)  is  much  broader  at  the  inner  end,  therefore  more  wedge- 
shaped,  than  in  analogue^  owing  to  the  fact  that  the  first  adambu- 
lacral plate  is  not  compressed.    The  interradial  area  proper  extends- 
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only  as  far  as  the  fifth  inf eromarginal,  but  a  single  series  of  small 
plates  (which  are  rudimentary  distally)  reaches  the  fourteenth  in- 
feromarginal. 

Furrow  margin  of  the  adambulacral  plates  is  angular  as  in 
cmalogua  (but  in  the  midregion  of  the  ray  not  so  strongly  so),  and 
there  are  12  to  14  furrow  spinelets,  webbed  for  nearly  half  their, 
length,  the  median  spinelets  being  slightly  the  longest.  Four  or  5 
shorter  spinelets  stand  on  the  outer  border  of  plate,  immersed  in 
membrane,  one  of  them  becoming  a  specialized  subambulacral  spine 
on  the  midregion  of  ray  (but  not  enlarged  on  the  distal  or  proximal 
part  of  the  ray). 

The  transverse  margins  also  bear  1  to  4  immersed  spinelets.  With 
the  exception  of  the  first  and  second,  or  first  and  third  plates,  the 
outer  edge  of  the  proximal  adambulacrals  not  separated  by  a  furrow 
from  the  actinal  intermediate  plates  as  in  ancdoguSy  but  the  mem- 
brane is  continuous.    The  first  plate  is  scarcely  compressed. 

Mouth  plates  very  prominent  actinally.  The  marginal  series  of 
12  spinelets  is  angular,  giving  the  inner  end  of  the  combined  pair 
a  truncate  appearance,  but  the  series  does  not  dip  down  into  furrow 
quite  so  conspicuously  as  in  analogua^  although  somewhat.  The  in- 
ner spine  is  enlarged  into  a  conical  tooth  and  just  above  it  one  or  two 
suboral  spines  are  similarly  enlarged.  Numerous  smaller  spines  are 
scattered  over  the  surface  of  plates. 

Madreporic  body  situated  its  own  diameter  from  marginal  plates, 
its  width  equaling  the  length  of  three  interbrachial  superomarginals 
(one  and  a  half  in  aifudogus).  Striae  fine,  radiating  from  an  eccen- 
tric point  (nearer  the  adcentral  margin  than  outer  edge).  In 
analogus  they  radiate  from  an  interradial  point  on  the  adcentral 
margin. 

Type.—C^iL  No.  80508,  XJ.S.N.M. 

Type-locality.— SteXion  5425,  Sulu  Sea  (lat  9^  87'  45"  N.;  long. 
121°  11'  E.),  495  fathoms,  gray  mud,  coral  sand,  bottom  temperature 
49.40°  F. 

Distribution. — Sulu  Sea  and  off  Southern  Luzon,  Philippine 
Islands,  338  to  495  fathoms. 

Specimens  examined. — ^In  addition  to  type,  1  from  station  5373, 
off  Marinduque  Island  (south  of  Luzon),  888  fathoms,  soft  mud, 
bottom  temperature  61.8°  F. 

PRIONASTER  MEGALOPLAX  Fisher. 

Plate  4,  fig.  8 ;  plate  5,  fig.  1 ;  plate  9,  fig.  2,  2a-&. 

Prionasier  megaloplaw  Fisher  1918a,  p.  608. 

Diagnosis. — Differing  from  Prionaster  analogus  in  the  following 
features :  Large  compact  paxillae  with  very  numerous  spinelets ;  large 
madreporic  body;  superomarginals  not  in  contact  distally;  supero- 
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marginal  spines  absent  or  rudimentary;  more  open  cribriform  or- 
gans; relatively  larger  inferomarginal  spines;  the  odd  interradial 
double  series  of  actinal  intermediate  plates  broader  at  inner  end 
and  with  more  plates;  first  adambulacral  not  markedly  compressed; 
more  numerous  (12-18)  furrow  spines.  R=260  mm.,  r=60  mm., 
B=5  r;  breadth  of  ray  at  base,  66  mm.;  at  tenth  superomarginal, 
28  mm.;  at  middle  of  ray,  20  mm. 

Description. — General  form  robust;  disk  large,  rays  long,  com- 
paratively slender,  but  relatively  shorter  than  in  gracilis^  and  broader 
at  the  base.  Paxillae  conspicuously  larger  than  in  analogus  and 
gracilis^  and,  like  those  of  Goniopecten  asiaticusj  closely  crowded, 
and  as  in  other  species  arranged  in  oblique  transverse  rows  on  either 
side  of  the  midradial  strip  of  irregular  ones.  Pedicel  of  paxilla 
stout,  often  compressed,  bearing  a  flat-topped  polygonal  group  of 
equal,  terete,  blunt  spinelets,  about  25  to  80  occupying  the  periphery, 
and  20  to  40  the  center.  Far  along  ray  there  are  about  2  to  5  central 
and  10  to  15 .  peripheral  spinelets,  blunter  or  more  capitate  than 
those  on  large  paxillae.  The  paxiUar  area  tapers  evenly  to  the  ter- 
minal plate,  none  of  the  superomarginals  being  in  contact  medially. 

The  abactinal  plates  were  examined  from  the  inner  side  on  the 
ray  only.  Here  the  plates  are  independent,  kite-shaped  (6-sided, 
with  the  transverse  diameter  the  shorter)  and  arranged  in  regular 
oblique  rows  on  either  side  of  the  midradial  band  where  the  plates 
are  irregularly  elliptical,  somewhat  irregular  in  arrangement,  and 
larger  than  the  lateral  plate&  Papulae  in  sixes.  There  is  a  distinct 
though  small  anal  aperture. 

Marginal  plates  with  rather  open  cribriform  organs  in  interbra- 
chium.  The  width  of  the  exposed  area  of  f  asciolar  spinelets  is  equal 
to  one-fifth,  or  slightly  less,  the  height  of  superomarginal.  Beyond 
middle  of  ray  the  f ascioles  are  roofed  over  by  the  marginal  web,  un- 
less the  latter  is  unduly  shrunken  by  alcohol.  Superomarginal  plates, 
74  in  number,  confined  to  side  of  body  in  interbrachium.  Far  along 
ray  they  gradually  encroach  upon  the  abactinal  area  until  near  ex- 
tremity the  width  equals  or  slightly  exceeds  the  height.  The  special 
superomarginal  spinule  is  either  absent,  or  present  as  a  small  spinelet 
on  the  proximal  half  of  the  ray.  Inferomarginal  spine  larger  than 
in  andogua  and  about  as  in  gracilis.  In  the  interbrachium  it  equals 
or  exceeds  half  the  height  of  a  superomarginal  plate.  One  or  2 
proximal  plates  have  2  spines. 

Actinal  interradial  areas  similar  to  those  of  gracilis^  the  interradial 
double  series  being  broad  at  inner  end,  and  containing,  each,  10 
plates.  Besides  the  f  asciolar  spinelets  there  are  here  and  there  a 
very  few  superficial  spinelets  under  the  membrane.  The  intermedi- 
ate plates  extend  to  tenth  inferomarginal. 
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Adambulacral  plates  strongly  angular,  the  adoral  facet  the  shorter. 
Furrow  spines  12  or  13,  terete,  capitate,  in  a  palmate  series  ajid 
basally  webbed.  The  spines  near  apex  of  angle  are  the  longest  (about 
equal  to  length  of  plate)  thence  decreasing  in  length  toward  either 
end  of  series.  A  pointed,  specialized  subambulacral  spine,  situated 
on  the  outer  aboral  comer  of  plate,  is  present,  accompanied  sonrie- 
times  by  a  shorter  companion,  while  3  or  4  other  shorter  spines 
occur  on  the  margin  of  plate,  all  immersed  in  membrane.  The 
first  dozen  plates  have  the  marginal  spines  subequal,  or  one  slightly 
enlarged,  and  all  more  or  less  completely  involved  in  membrane 
Here  and  there  a  plate  is  partly  separated  from  the  actinals  by  a 
groove ;  usually  the  skin  is  continuous  between  actinals  and  adambu- 
lacrals.    First  adambulacral  not  markedly  compressed. 

Mouth  plates  large,  the  combined  pair  truncate  at  inner  end.  Mar- 
ginal series  of  spinelets,  13,  strongly  angular,  the  spinelet  at  apex 
being  deep  in  furrow,  and  the  rest  unequal ;  inner  one  or  two  enlarged 
into  teeth.  About  half  the  spinelets  face  on  actinostome  and  the 
rest  on  the  furrow.  Furrow  surface  of  plate  excavated  for  first 
tube  foot.  Surface  of  plate  with  20  to  30  spinelets,  about  10  of  which 
border  median  suture  and  the  rest  stand  below  these  in  a  couple  of 
very  irregular  and  variable  series. 

Madreporic  body  very  large,  in  diameter  equal  to  the  length  of 
the  first  3  superomarginals,  and  situated  twice  its  diameter  from 
margin.  Striae  fine,  radiating  from  a  point  midway  between  center 
and  adcentral  (inner)  margin. 

Type.— Cat.  No.  30509,  U.S.N.M. 

Type-locality. — Station  5624,  between  Gillolo  and  Makyan  Islands, 
Molucca  Islands  (lat.  0^  12'  15"  N.;  long,  127°  20'  30"  K),  288 
fathoms,  fine  sand,  mud. 

Distribution, — ^Molucca  Islands,  230  to  288  fathoms. 

Specimens  examined. — In  addition  to  the  type,  an  abnormal  ex- 
ample from  station  5625,  between  Gillolo  and  Eayoa  Islands,  Mo- 
lucca Islands  (lat.  0°  07'  N.;  long.  127°  28'  E.),  230  fathoms,  gray 
mud,  fine  sand. 

Remarks. — ^The  following  differences  separate  this  species  from  the 
two  preceding:  The  paxillae  are  much  larger,  with  many  more  spine- 
lets; the  superomarginal  spinule  is  inconspicuous  and  present  only 
on  the  middle  portion  of  ray.  Megalophix  is  separated  from  analo- 
gus  by  several  additional  characters:  The  large  madreporic  body; 
superomarginals  not  touching  along  the  radial  line,  distally;  more 
open  cribriform  organs;  first  adambulacral  not  markedly  com- 
pressed; odd  interradial  double  series  of  actinal  intermediate  plates 
conspicuously  broader  at  inner  end  (more  than  3  times  width  of 
outer  end) ;  furrow  spinelets  12  to  13  (10  or  11  in  analogus).    The 
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following  additional  differences  separate  megaloplax  from  gracilis: 
Bay  shorter  in  megaloplax  (B=5  r) ;  dorsolateral  edge  of  ray  more 
romided;  ray  broader,  with  a  decidedly  broader  paxillar  area,  which 
tapers  more  evenly  from  the  base  toward  tip,  and  despite  their  larger 
size,  there  are  more  paxillae  in  a  transverse  row  across  ray  than  in 
gracilis  (at  middle  of  ray,  28  in  megaloplax^  17  in  gracilis) ;  sub- 
ambulacral  spine  more  conspicuous  in  megaloplax. 

The  example  from  station  5625  is  remarkable  from  having  only 
two  interradii  normal  as  regards  the  odd  marginal  plates  and  the 
odd  double  series  of  actinals  leading  therefrom  to  the  mouth  plates. 
These  two  interradii  are  that  of  the  madreporic  body  and  the  adja- 
cent one  to  right  (between  bivium  and  trivium).  One  other  inter- 
radius  has  paired  inferomarginals  and  superomarginals,  and  paired 
double  series  of  actinal  intermediate  plates.  Another  has  an  odd 
superomarginal  and  paired  inferomarginals  and  actinals.  The  fifth 
has  paired  superomarginals  and  apparently  paired  inferomarginals, 
but  the  odd  plate  is  pushed  to  one  side  of  the  median  interradial 
line  and  a  supernumerary  plate  is  inserted  in  the  ventral  series  a  few 
plates  distant.  The  odd  actinal  double  series  is  also  crowded  to  one 
side,  but  its  inner  end  meets  the  combined  mouth  plates.  The  disk  is 
somewhat  smaller  than  that  of  type,  and  the  paxillae  of  disk  a  trifle 
smaller. 

This  abnormal  specimen  does  not  particularly  suggest  a  hybrid, 
with  Goniopecten  asiaticus.  It  is  puzzling  to  account  for  the  unsta- 
bility  of  the  generic  characters,  however.  In  one  interradius  the 
specimen  is  Goniopecten^  in  two  it  is  Prionaster^  while  in  two  others 
it  is  a  combination  or  mosaic  of  the  two  genera. 

Family  ASTROPECTINIDAE  Gray  1840,  emended. 

Subfamily  Craspidasterinae  Fisher. 

Craspidasierinae  Fibheb,  1916a,  p.  3. 

Diagnosis. — ^Resembling  the  Goniopectinidae  in  having  a  single 
series  of  webbed  peripheral  spinelets  on  the  marginal  and  actinal 
plates,  but  differing  in  lacking  the  characteristic  double  serial  ar- 
rangement of  the  actinal  intermediate  plates,  which  are  arranged 
essentially  as  in  the  Astropectininae ;  in  having  patently  double  am- 
pullae, and  in  the  form  of  the  hepatic  coeca  which  arise  from  five 
radial  diverticula  of  the  dorsal  part  of  the  stomach,  as  in  Astro- 
pecten. 
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Genus  CBASPIDASTER  Sladen. 

Crtupidaster  Sladen,  1880,  p.  175.    Type,  Archaster  heMpenU  Mtiller  and 
Troschel. 

CRA8PIDASTBB  HESPERUS   (Miill«r  and  TmmImI). 

Plate  9,  fig.  3. 

ArcfMSter  hesperuM  MtnxsB  and  Tboschcl,  1840,  p.  104;  1S42,  p.  65. 
SteUaster  sulcatus  MObiub,  1858,  p.  11,  pi.  5,  figs.  1  and  2. 
CraMpidaster  heaperua  Sladen,  1889,  p.  177,  pi.  17,  figs.  5-7 ;  pi.  18,  figs.  1-4. 
Aatropecten  macer  Sluiteb,  1889,  p.  297 ;  1895,  p.  53. 

Sladen  has  given  figures  and  a  careful  description  of  this  species 
and  has  noted  the  principal  variations. 

The  largest  of  the  Philippine  specimens  has  R=52  mm.,  r=12  mm., 
R=4.33  r;  superomarginal  plates  38;  furrow  spines,  6-7.  In  this 
specimen  the  little  thumblike  subambulacral  spinelet  described  and 
figured  by  Sladen  in  his  Hongkong  specimen  is  not  present,  and 
the  fringe  of  spinelets  along  the  inner  edge  of  the  inferomarginal 
plates  is  found  much  farther  along  ray  than  indicated  by  Sladen. 
It  is  variable  even  in  the  Philippine  examples;  in  some  it  persists 
nearly  to  the  end  of  the  ray  (station  5209)  while  in  an  example  from 
station  5375  the  fringe  is  rudimentary  beyond  the  limit  of  actinal 
intermediate  plates. 

Anatomioal  notes. — ^The  midradial  line  and  center  of  disk  are  with- 
out papulae.  Here  the  plates  are  nearly  circular  or  with  5  or  6  faint 
scallops  by  which  the  plates  overlap  slightly.  Elsewhere  the  plates 
have  6  or  6  short  lobes  by  which  they  are  in  connection  with  neigh- 
boring plates.  This  arrangement  is  unlike  that  of  Prionaster  and 
Goniopecten^  in  which  the  plates  are  independent.  The  papulae  are 
usually  in  sixes  about  each  plate.  In  the  family  Astropectinidae 
all  gradations  between  independent  circular  or  elliptical  plates  and 
stellate  imbricated  ones  are  found. 

The  stomach  is  spacious  and  from  the  dorsal  part  arise  five  radial 
diverticula,  each  of  which,  •dividing,  gives  rise  to  two  hepatic  coeca 
which  extend  along  ray  to  about  the  seventh  superomarginal.  Thus 
the  coeca  arise  from  a  common  tube,  and  not  independently  as  in 
Prionaster.  The  ventral  portion  of  the  stomach,  which  is  very  ex- 
tensible, is  not  separated  from  the  aboral  portion  by  any  sharp  line 
of  division.  Its  radial  portions  contain  small  gastropods  and  pele- 
cypods.  The  intestinal  coecum  is  represented  by  a  single  large  sac- 
like diverticulum  lying  in  an  interradius  on  the  dorsal  surface 
of  stomach,  its  extremity  nearly  reaching  the  marginal  plates.  I 
can  not  determine  whether  this  connects  with  the  stomach,  but  a 
minute  intestine  passes  upward  in  the  interior  of  a  slight  epiproctal 
cone.  A  lumen  is  present,  and  presumably  the  intestine  opens  by  a 
tiny  pore,  although  I  have  not  been  able  to  see  it.    The  paxillae  are 
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very  small  and  crowded  in  this  region.  Viewed  from  the  coelomic 
side,  the  intestine  appears  to  pierce  the  integument. 

Interbrachial  septa  membranous.  Gonads  in  a  single  tuft  attached 
to  dorsal  integiunent  on  either  side  of  septum  and  near  marginal 
plates.  Ampullae  double;  tube  feet  pointed,  without  deposits  in  the 
walls. 

A  Polian  vesicle  in  each  interradius  except  that  of  madreporic 
canal  where  there  are  two.  Well  developed,  slender,  superambulacral 
ossicles  are  present 

The  internal  anatomy  as  a  whole  is  rather  more  like  Aatropecten 
than  Prionaster^  especially  in  regard  to  the  stomach.  In  certain 
features,  as  in  the  ambulacral  system,  both  resemble  Aatropecten. 

Type-locality. — Japan  (Miiller  and  Troschel). 

DistribtUion. — Japan  to  western  shore  of  Bay  of  Bengal  (Vizaga- 
patam,  India  [Koehler];  Mergui  Archipelago  [Budmose  Brown]; 
Singapore  [von  Martens];  Banka  Straits  [Sladen];  Philippines 
[Sladen] )  and  south  to  the  Am  Islands,  west  of  New  Guinea  (Koeh- 
ler). The  southernmost  locality  in  the  Philippines  is  station  5235, 
Pacific  Ocean,  off  Mindanao.  The  bathymetrical  range  is  9  to  107 
fathoms. 

Specimens  examined. — Sixteen  specimens,  from  the  following 
Philippine  localities : 

Specimens  of  CraMpidaster  fiesperus  examined. 


station. 


Looattty. 


Depth. 


Nature  of 
bottom. 


Num- 
ber. 


S307 


6158 

975 
M31 


Off  Western  Samar 

....do 

....do 

Off  east  coast  Mindanao 

8ulu  Sea,  off  Sandi^can  Harbor,  Borneo 

Off  Mannaduque  Island 

East  of  northern  Palawan 


FoOnomt, 
85 

ao 

20 
44 
89 
107 
61 


Qreen    mud, 

sand. 
Soft       green 

mud. 

.....do , 

Soft  mud 

Mud 

Qreen  mud..., 
Sand 


Subfamily  AsTROPECnNiNAE  Sladen. 

Diagnosis. — ^Phanerozonia  with  large  marginal  plates,  true  pax- 
illae,  and  parapaxillae ;  with  pointed  tube  feet  (a  flat  or  true 
sucking  disk  being  always  absent) ;  with  double  ampullae;  no  cribri- 
form organs,  but  frequently  well-developed  marginal  f ascioles,  which 
are  never  webbed;  actinal  f ascioles  never  webbed;  with  an  intestine, 
and  usually  an  intestinal  coecum ;  anus  absent,  small,  or  well  devel- 
oped; superambtdacral  plates  always  present. 

This  division  corresponds  exactly  to  the  Astropectinidae  as  de- 
fined by  me  in  Asteroidea  of  the  North  Pacific  (1911rf,  p.  37).  The 
family  has  been  changed  only  by  the  addition  of  Craspidaster^  for 
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which  a  new  subfamily  has  been  made.  The  Astropectininae  lack  the 
webbed  marginal  and  actinal  fasdoles  of  Cnupidaster.  While  the 
name  was  coined  by  Sladen,  the  subfamily  as  here  used  is  more  ex- 
tensive than  his,  as  it  includes  several  of  his  Archasteridae  as  well  as 
subsequently  described  groups.  For  a  discussion  of  this  family  see 
Fisher,  1911rf,  p.  37. 

GeniuB  ASTROPECTEN  Gray. 

AMtropecten  Gray,  1S40,  p.  180. 

KST  TO  THB  8PICI18  OF  ASTEOPBCTBN  HIBBIN  DBSCUBBD. 

or.  Superomarglnal  spines  in  a  single  definite  series  continnous  throoghoat  ray, 
with  exception  sometimes  of  second,  third,  and  fourth  plates. 
&^.  Superomarglnal  spines  upright  and  prominent,  proximally  equaling  or  ex- 
ceeding height  of  plate ;  no  conspicuously  enlarged  subambulacral  spine. 
0*.  The  second,  or  second  and  third,  superomarginals  without  spines ;  Infero- 
marginals  with  4  or  3  large  bristling  spines  in  a  transverse  series; 
superomarglnal  spines  1.5  to  2.5  times  height  of  plate. 

polyficanthus,  p.  63. 

c*.  Superomarglnal  spines  continuous  throughout  ray ;  inferomarginal  plates 

with  3  lateral  spines  and  spaced  therefrom,  1  on  the  actinal  surface. 

phragmorua^  p.  65. 
b\  Superomarglnal  spines  small,  much  less  than  height  of  their  plate ;  one  of 
the  subambulacral  spines  conspicuously  enlarged, 
c^.  Superomarglnal  spines  all  on  inner  edge  of  plates ;  1  lateral  spine  with  a 

small  companion tnindanensUf  p.  67. 

c*.  Superomarglnal  spines  of  first  few  plates  at  inner  edge,  thence  moving 
to  angle  between  lateral  and  dorsal  surfaces  of  plate;  some  plates 
with  occasionally  2  spines ;  lateral  spines  2  or  3,  with  proximally  1  or 

more  smaller  actinal  companions inaequalia,  p.  69. 

a\  Superomarglnal  spines  small,  confined  to  first,  or  first  2  or  3  plates,  or  ex- 
tending over  half  the  length  of  ray,  but  not  the  entire  length. 
b\  Rays  short  and  stout ;  R  less  than  5  r ;  superomarglnal  spines  on  first,  or 

first  2  or  3  plates  only velitarU,  p.  70. 

b\  Rays  long  and  slender ;  R  more  than  6  r ;  superomarglnal  spines  on  a  tew 
proximal  plates  or  on  all  but  the  last  third  of  ray. 
0^.  Subambulacral  spines  3  or  4,  none  enlarged;  superomarglnal  spine  at 

base  of  ray  only ;  mouth  spines  in  regular  series luzonicus,  p.  S2. 

0^.  Superomarglnal  spines  on  all  except  outer  third  of  ray ;  subambulacral 
spines  more  that  5,  one  in  the  first  series  enlarged;  mouth  spines 
irregularly  arranged. 
<f.  No  superomarglnal  or  inferomarginal  pedicellariae ;   abactinal   and 
adambulacral  pedicellariae  very  few ;  paxillae  medium-sized ;  supero- 
marginals of  proximal  half  of  ray  not  longer  than  wide;  lateral 

spines  3,  sometimes  4 tenellus,  p.  84. 

d*.  Numerous  abactlnal,  superomarglnal,  inferomarginal,  and  adambula- 
cral pedicellarihe ;  superomarginals  of  the  proximal  (as  well  as 
distal)  half  of  ray  longer  than  wide,  except  the  first  8  or  9  plates; 

lateral  spines  4,  3  on  distal  third  of  ray pedicellarU^  p.  87. 

b*.  See  also  monacanthua  and  eucnemU,  where  a  small  spine  may  occur 
aberrantly  on  the  first,  or  first  2  or  3  plates. 
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o*.  No  superomarginal  spines. 
h\  Paxillae  small,  delicate;  abactinal  spiniform  pedicellariae ;  furrow  spines 

4  or  5 ;  deep  water eremicus,  p.  79. 

&*.  Paxillae  medium  or  large ;  no  abactinal  paxillae ;  furrow  spines  3. 
&.  Bays  long  and  narrow  in  the  adult ;  R  more  than  5  r ;  lateral  spines  2. 

eucnemU,  p.  75. 
0*.  Bays  stout  and  short,  or  of  medium  length;  R  less  than  5  r;  lateral 
spines  1  to  8. 
if.  Lateral  spines  2  or  3,  with  sometimes  actinal  accessory  spinules;  in- 
feromarginal  spinelets  not  remarkably  flat  and  spatulate;  supero- 
marginal plates  broad,  with  small  granules ffranulatua,  p.  73. 

d*.  Lateral  spine,  one;  inferomarglnal  spinelets  flat  and  scalelike;  sub- 
ambulacral  spines  very  flat  and  broadly  spatulate;  superomarginal 
plates  narrower,  with  large  granules monaoanthuM,  p.  74. 

▲8TB0PBCTBN  POLTACANTHUS  Mfllkr  and  TtomImL 
Asiropecten  polyacanthii*  MthxsB  and  Tboschel,  1842,  p.  69,  pi.  5,  fig.  3. 

Notes  on  Philippine  specimens. — ^In  order  to  record  the  more  evi- 
dent variations  in  the  armature  of  the  6  specimens  I  have  drawn  up 
a  sort  of  synopsis  or  key. 

a\  Only  the  second  superomarginal  without  a  spine;  superomarginal  spines 
about  1.25  times  height  of  their  plate ;  superomarginal  series  of  spines  proxi- 
mally  5,  then  4,  and  only  at  tip  of  some  of  the  rays,  3 ;  they  are  slender,  ap- 

pressed  and  very  sharp Catbalogan,  Samar  (1). 

0*.  The  second  and  third,  rarely  the  fourth,  superomarginal  without  a  spine; 
inperomarginal  spines  proximally  2  to  2.5  times  height  of  their  plate. 
h\  Inferomarglnal  spines  4,  narrow,  slightly  flattened,  bristling.     All  ac- 
tinal spinelets  relatively  longer  and  stouter  than  in  6'  and  a^\  supero- 
marginal and  lateral  spines  unusually  stout,  the  former  the  more  robust 

Station  5165  (1). 
('.  Inferomarglnal  spines  3,  the  third  situated  at  or  near  inner  end  of  plate, 
spaced  from  the  other  2. 

o\  Superomarginal  spines  stout  and  long,  proximally  2  to  2.5  times  height 
of  their  plate ;  superomarginal  plates  higher  than  long  on  proximal  half 
of  ray ;  inferomarglnal  spines  narrow,  sUghtly  flattened,  sharp ;  paxillar 
area  wider  (opposite  fourth  plate  equal  to  length  of  3.5  to  4  succeeding 

superomarginals) Station  5165  (1) ;  Usada  Island  (1). 

o\  Superomarginal  spines  slenderer,  and  variable  in  length  proximaUy; 
superomarginal  plates  (except  the  first  2  or  3)  longer  than  high;  outer 
inferomarglnal  spine  conspicuously  longer  than  the  rest,  flat,  broader 
toward  tip  than  at  base,  narrowing  abruptly  to  a  sharp  point  (rarely 
bifid) ;  paxiUar  area  narrow  (opposite  fourth  superomarginal  equal  to 
length  of  1.5  to  2.5  succeeding  plates) ;  the  smaller  inferomarglnal  spines 
are  rather  more  delicate  than  in  the  preceding  variety.  This  variety 
*  seems  to  be  similar  to  a  specimen  mentioned  by  Sladen  (1889,  p.  201) 
from  the  Admiralty  Islands Stations  5159  (1)  and  5174  (1). 

In  the  last  variety  the  flattened  leaflike,  sharp  lateral  spines  and 
narrow  paxillar  area  produce  a  combination  of  characters  which 
alters  the  general  f acies  very  markedly.  When  a  sufficient  number 
of  specunens  from  many  localities  are  examined  by  one  person  this 
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species  will  be  split  up.    Long  ago  Sladen  ^  pointed  out  the  possible 
error  in  too  comprehensive  species,  such  as  polyacanthus.    He  said: 

Without  calling  in  question  the  accuracy  of  M.  Perrier*8  determination,  the 
occurrence  of  such  instances  as  this  of  a  form  presenting  strongly  marked 
variations  at  different  stations  within  the  area  of  its  distribution,  urges  upon 
naturalists  the  necessity  of  exercising  extreme  caution  against  being  led  away 
by  a  tendency  to  group  too  comprehensively  the  forms  which  may  be  included 
within  a  large  and  widely  distributed  genus;  for,  however  seriously  the  mul- 
tiplication of  frivolous  "species"  may  embarrass  a  classification,  the  whole- 
sale grouping,  or,  in  other  words,  the  unbounded  extension  of  the  limits  of 
specific  character,  is  productive  of  more  injurious  results,  in  that  it  curtails 
the  precision  of  definition,  and,  whilst  ignoring  environment  as  a  factor, 
divests  nomenclature  of  one  of  its  highest  and  most  Important  qualities. 

From  the  fact  that  forms  are  separated  by  much  smaller  and  less  striking 
differences  in  an  extensive  genus,  than  in  one  of  more  limited  scope,  "  species  ** 
in  the  larger  group  have  often  not  such  clearly  marked  or  conspicuous  charac- 
ters as  those  which  are  presented  by  "  varieties  *'  in  a  less  comprehensive  genua 
It  follows  that  the  judgment  should  be  very  cautiously  exercised  when  tempted 
to  embrace  within  a  single  species  all  the  strongly  marked  distributional  ex- 
tremes of  any  widely  spread  type,  however  closely  their  connection  may  seem 
to  be  preserved  through  intermediate  forms;  for  in  many  cases  these  grada- 
tions are  nothing  more  or  less  than  the  links  which  indicate  to  us  the  develop- 
ment of  "  species,"  and  are,  in  short,  the  stages  with  which  generally  we  are 
unacquainted,  owing  either  to  the  imperfection  of  knowledge,  or  more  fre- 
quently by  reason  of  their  destruction  through  the  hostiUty  of  unfavorable 
conditions. 

Without  a  large  series  of  specimens  from  numerous  localities  it 
will  be  difficult  to  arrive  at  a  solution  of  Astropecten  polyacarUhuSj 
for  it  is  likely  that  the  rather  conspicuous  individual  and  habitat 
variations  somewhat  mask  small  and  constant  differences  due  to 
wide  geographic  separation. 

Type-locality. — Red  Sea. 

Distribution. — ^The  Red  Sea  to  Zanzibar  and  Mozambique,  the  Sey- 
chelles, Ceylon,  Mergui,  Andaman  Islands,  China,  Japan,  Philip- 
pines, Port  Jackson,  Australia,  Admiralty  Islands,  Aru  Islands, 
Fiji  Islands,  Hawaiian  Islands. 

Specimens  examined. — Six  specimens  from  the  following  localities: 

Catbalogan,  Samar,  shore;  1  specimen. 

Usada  Island,  vicinity  of  Jolo,  shore;  1  specimen. 

Station  5159,  Tawi  Tawi  Group,  Sulu  Archipelago,  10  fathoms, 
coarse  sand,  shells;  1  specimen. 

Station  5165.    Same  locality,  9  fathoms,  coral ;  2  specimens. 

Station  5174.  Vicinity  of  Jolo,  20  fathoms,  coarse  sand ;  1  speci- 
men. ^ 

iJourn.  Linn.  Soc.  Zool.,  vol.  14,  1879,  p.  420. 
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ASTROPBCTEN  PHBAGMORUS  Filler. 

Plate  11,  fig.  5;  plate  14,  figs.  1,  la-&. 

ABtropecten  acanthifer  phragmorus  Fisheb,  1913a,  p.  604. 
Astropecten  phragmorus  DdoERLEiN,  1917,  p.  178. 

Diagruma.—Y^TY  similar  to  A.  acanthifer  Sladen,  but  differing  in 
having  narrower  rays;  more  perpendicular  superomarginals,  bearing 
larger  spines  on  the  extreme  upper  and  inner  edge  of  plate  (not 
spaced  conspicuously  therefrom) ;  a  relatively  longer  actinal  infero- 
marginal  spine  and  longer  marginal  spines  generally  (especially  in 
proportion  to  width  of  ray) ;  an  incipiently  enlarged  subambulacral 
(more  noticeable  in  young  examples) .  R=48  mm.,  r=8  mm.,  B=6  r ; 
breadth  of  ray  at  second  superomarginal,  9  mm.  The  brownish 
marking  seems  to  be  distinctive  also. 

Description. — Rays  slenderer  than  in  acanthifer  although  the  disk 
is  no  smaller.  Sladen  gives  the  proportions  of  the  type  as  R=6.43  r, 
but  the  figure  shows  proportions  of  R=between  5  and  6  r,  nearer  5. 
The  narrower  rays  of  the  present  species  will  be  evident  on  a  compari- 
9cjn  of  figures.  Paxillar  area  very  compact,  the  outlines  of  indi- 
vidual paxillae  being  sometimes  difficult  to  distinguish.  The  paxillae 
are  similar  to  those  of  acanthifer^  but  the  spinelets  are  a  little  longer 
and  slenderer,  judging  by  the  figure,  although  in  the  largest  speci- 
mens, numerically  about  the  same. 

Superomarginal  plates,  about  35  in  number,  confined  to  side  of 
ray  proximally  and  forming  a  steep  bevel;  encroaching  more  and 
more  upon  the  abactinal  surface,  and  becoming  relatively  lower  and 
more  arched  on  outer  half  of  ray.  In  acanthifer  the  proximal  plates 
liave  a  definite  rounded  angle  between  the  dorsal  and  lateral  surfaces, 
and  on  this  angle  the  small,  superomarginal  spine  is  situated.  In 
phragmorus  the  proximal  plates  slope  very  steeply,  and  nearly  the 
whole  of  the  upper  end  is  occupied  by  the  base  of  the  stout,  tapering, 
slightly  flattened  sharp  spine,  which,  on  the  outer  third  of  the  ray, 
withdraws  slightly  from  the  inner  edge  of  the  plate.  The  supero- 
marginal spines  of  phragmorus  are  situated  as  the  two  to  four  inter- 
brachial  spines  of  acanthifer.  The  first  spine  is  3  mm.  long,  stouter 
and  longer  than  the  rest,  and  slightly  exceeds  the  height  of  plate; 
and  all  along  ray  the  spines  preserve  the  same  proportion  to  their 
plate,  as  the  plates  become  lower.  They  are  much  stouter  and  longer 
than  in  acanthifer.  General  surface  of  plate  covered  with  slightly 
spaced  spinelets,  terete  and  blunt  except  in  the  middle  where  they  are 
a  little  stouter  and  more  squamif orm,  increasing  in  size  aroimd  the 
base  of  spine. 
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Lateral  inferomarginal  spines  8,  slender,  tapering,  slightly  flat- 
tened, and  sharp,  the  upper  the  longest  and  stoutest,  on  the  proximal 
plates  about  3.5  plates  in  length  (about  6  mm.) ;  second  spine  nearly 
as  long  as  first;  third  about  half  as  long  as  second,  but  in  very  young 
specimens  sometimes  relatively  longer.  The  fourth  spine  is  placed 
as  in  acanthifer^  but  is  flattened  and  longer,  being  a  little  over  one- 
half  to  about  two-thirds  the  length  of  the  longest  lateral  spine.  This 
spine  extends  one-half  to  three-fourths  the  length  of  ray.  As  many 
as  5  proximal  plates  may  have  2  of  these  spines,  in  a  cross  seriea 
General  covering  of  plate  essentially  as  in  acanthifer^  except  that 
there  are  no  accessory  spinules  in  ^nt  of  the  8  lateral  spines  as 
figured  by  Sladen. 

Adambtdacral  armature:  (1)  Furrow  spines,  8,  relatively  long, 
flattened,  slender,  round  tipped  or  truncate,  the  middle  the  longer, 
slightly  tapering,  with  edge  to  furrow;  the  lateral  also  slightly 
tapering  with  flat  side  to  furrow.  (2)  Subambulacral  spines,  usually 
6,  similar  in  character  to  furrow  spines,  slightly  tapering  and  round 
tipped  or  truncate,  arranged  in  2  series,  or  with  1  in  center,  sur- 
rounded by  5;  in  this  case  there  are  2  spines  back  of  the  furrow 
series,  forming  an  oblique  longitudinal  series  and  back  of  these,  4 
in  a  diamond-shaped  arrangement.  The  aboral  member  of  the  first 
series  is  slightly  larger  than  its  companion,  and  in  small  specimens 
very  much  larger;  in  the^  there  are  only  2  or  8  subambulacrals, 
with  a  minute  companion  or  two. 

Mouth  plates  very  similar  to  those  of  A.'  acanthifer.  Any  slight 
differences  seem  to  be  covered  by  individual  variation. 

Actinal  intermediate  plates,  4  in  each  interradius,  with  the  slender 
spinelets  in  two  close  groups,  in  some  cases  forming  incipient  pedicel- 
lariae,  in  others  a  paxilla. 

Madreporic  body  small,  partly  concealed,  its  own  diameter  or  less 
from  margin ;  very  convex,  and  with  rather  coarse  transverse  striae. 

C!olor  in  alcohol;  rays  with  2  or  3  broad  crossbars  of  brown  on 
buffy  ground;  and  in  addition  some  specimens  have  a  narrow  line 
proceeding  along  each  radius  from  near  middle  of  disk  to  end  of  ray. 

Young. — Some  small  specimens,  ranging  in  size  from  R,  10  mm., 
to  E,  18  mm.,  have  been  referred  to  this  form.  The  rays  are  much 
shorter  than  in  the  adult,  R  equaling  3  to  3.5  r.  The  paxillae  are 
smaller  and  less  compact,  with  1  central  and  5  to  8  peripheral  spine- 
lets  on  the  disk  and  only  4  or  5  altogether  on  the  ray.  The  supero- 
marginal  plates  are  well  developed  as  in  the  adult,  the  first  spine 
being  the  most  conspicuous.  There  are  3  lateral  inferomarginal 
spines,  but  they  are  stouter  and  shorter  than  in  the  adult.  The  fourth 
spine  is  wanting  except  on  the  first  2  or  3  plates.  The  subambulacral 
spines  vary  in  number  from  2  to  4  but  only  2  are  of  any  size  and  1  of 
these  is  conspicuously  larger  than  its  adoral  companion. 
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Type.— Cv^t.  No.  80510,  U.S.N.M. 

Type-locaUty.— Station  5157,  off  Tinakta  Island.  Tawi  Tawi 
Group,  Sulu  Archipelago,  18  fathoms,  fine  sand. 

Distribution. — Sulu  Archipelago  to  southern  Luzon,  east  coast  of 
Palawan,  and  east  coast  of  Mindanao,  in  14  to  44  fathoms,  sand  and 
mud.  The  known  distribution  centers,  therefore,  in  the  shallow  en- 
virons of  the  Sulu  Sea. 

Specimens  examined. — ^Forty-six  from  the  following  localities: 

Specimens  of  Attropecten  phragmorus  examined. 


SUtUXL 

LocaUty. 

Depth. 

Nature  of 
bottoDL 

Num- 
ber. 

6104 

ChlfM  flfift.  off  Bonthfirn  Laioo.... 

33 
18 
18 
12 
16 
26 
44 
14-25 
38 
27 
2 

'Sandrshelis.'.': 

1 

5156 

Off  Tinakta  Island,  Tawi  Tawi  Group 

1 

5157 

do '. r 

12 

5158 

do 

do 

1 

5161 

do 

Fine  sand 

Mud,  fine  sand 

Soft  mud 

Gray  mud..... 

1 

5181 

Off  9ast«m  Par>fty , 

9 

5235 

1 

5342 
5358 

Maiampaya  Sound,  west  side  of  northern  Palawan  Inland  . . 

15 
2 

5426 

Off  east  coast  Palawan  (lat.  9^  12'  N.;  long.  118*  28*  B.).... 
Sandakan  Bay,  Borneo 

Fine  gray  sand 
Sand,  rooks... 

2 
1 

Remarks. — ^The  differences  separating  this  form  from  acanthifer 
of  the  Banda  Sea  have  already  been  dealt  with.  The  only  species 
which  has  longer  superomarginal  spines  than  phragm/>rus  is  the  well- 
known  Astropecten  polyacanth/us.  No  species  of  the  Indo-Pacific 
region,  other  than  polyacanthuSj  has  the  superomarginal  spines  as 
long  as  those  of  phragm/yrus. 

ASTROPECTEN  lONDANENSIS  DSderleln. 

Plate  10,  fig.  2. 

A%tropecien  mindanensis  Dodeblein,  1917,  pp.  52,  131,  178,  pi.  4,  fig.  8; 
pL  12,  figs.  3-3c. 

Diagnosis. — Similar  to  Astropecten  andersoni  Sladen,  but  with 
narrower  rays,  and  the  longer  superomarginal  spines  all  close  to  the 
inner  margin  of  the  plate;  proximal  inferomarginal  lateral  spines 
broad  and  flat.  R=3.8  to  5.5  r;  breadth  of  ray  at  base  about 
equal  to  r. 

Description. — ^The  original  description  is  substantially  as  follows : 
B:r=30:9  mm.;  R=4.8  r.  The  rays  taper  rather  uniformly  from 
the  base  to  the  extremity.  R  equals  4rom  8.8  to  4.4  r.  The  supero- 
marginal plates  are  extremely  narrow,  and  throughout  much  higher 
than  broad.  The  paxillar  area,  opposite  the  fifth  superomarginal 
plate,  occupies  two-thirds  of  the  total  breadth  of  the  ray.  Here  5 
transverse  series  of  paxillae  correspond  to  2  marginal  plates.  The 
central  spinelets  of  the  paxillae  (upward  of  12)  are  appreciably 
smaller  than  the  peripheral  spinelets.    The  superomarginal  platen 
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are  not  very  thickly  covered  with  coarse,  flat  squamules,  which  an 
much  thicker  than  the  paxillar  spinelets,  and  they  all  carry  a  rather 
small,  conical,  somiewhat  flattened  spine  close  to  the  inner  edge  of 
the  plate,  but  separated  from  it  by  1  to  8  rows  of  granules  [original 
description,  2  or  8].  The  inferomarginals  are  thickly  covered  with 
somewhat  lengthened,  broad,  mostly  acute  squamules,  without 
spinules  on  the  aboral  border  of  the  plates.  The  large  marginal 
spine,  as  long  as  8  plates,  is  flat,  broad  and  only  slightly  tapered, 
but  has  generally  a  sharp  point.  Under  it  is  a  much  smaller  flattened 
spine,  and  below  this  2  or  8  much  shorter  ones  still. 

There  are  2  actinal  intermediate  plates  [4  to  each  interradius]. 
There  are  5  furrow  spines,  of  which  the  median  is  somewhat  length- 
ened. Of  the  2  spines  of  the  second  row,  the  aboral  is  not  longer, 
but  is  very  flat  and  broad,  and  rather  acute,  while  the  adoral  is  com- 
paratively very  small.  On  the  outer  part  of  the  plate  are  several 
small  spinelets. 

Type-locality. — ^Mindanao. 

Distribution. — ^Palawan,  Samar,  and  Mindanao. 

Specimens  exarrdned. — Fifty-eight  from  the  following  localities: 

Mantaquin  Bay,  Palawan,  4  feet;  1  specimen. 

Catbalogan,  Samar,  shore;  1  specimen. 

Catabato,  below  mouth  of  Mindanao  R.,  Mindanao,  6  feet,  sand 
and  mud ;  3  specimens. 

Station  5345,  Malampaya  Sound,  Palawan  Island,  7  fathoms,  mud; 
68  specimens. 

Locality  doubtful,  1  specimen. 

Remarks. — ^The  largest  specimen  has  R=55  mm.,  r=  10  mm., 
E=5.6  r.  A  smaller  example  has  R=30  mm.,  r=7  mm.,  R=4.3  r. 
There  is  some  variation.  There  are  usually  1  to  5  central  paxillar 
spinelets  in  the  Albatross  specimens,  and  the  major  subambulacral 
spine  is  generally  a  little  longer  than  the  median  furrow  spine.  The 
proximal  inferomarginal  plates  sometimes  have  an  incipient  fascicu- 
late pedicellaria  near  the  inner  end  of  the  plate.  There  is  consider- 
able variation  in  the  frequency  of  the  spinules  below  the  minor 
marginal  spine. 

Doderlein  separates  this  species  from  andersoni  and  debilis  as  fol- 
lows: 

a*.  Spines  of  the  superomarglnal  plates  aU  very  close  to  the  Inner  margin  of 
the  plate  and  at  least  as  lon'g  as  the  plate.    The  large  Inferomarginal 

spine  on  the  proximal  part  of  ray  broad  and  flat mindanensU. 

a\  Spines  of  the  distal  superomarglnal  plates  on  the  outer  margin  of  plate  and 
shorter  than  the  plate.  Large  inferomarginal  spine  slender  through- 
out ray. 

&\  Squamules  of  inferomarginals  longer  than  broad andersoni* 

b\  Squamules  of  inferomarginals  circular dehUie. 


Digitized  by  VjOOQIC 


BIAB7ISHBS  OF  THE  PHILIPPINB  SEA&  69 

A8TB0PBCTEN  YAPPA  INABQUAUS*  iMir  rabfpMlM. 

Diagnosis. — Differing  from  Astropecten  vappa  Muller  and 
Troschel  *  in  having  slenderer  rays,  a  noticeably  narrower  paxillar 
area,  very  unequal  subambulacral  spines  in  the  first  series,  the  aboral 
being  much  longer  and  broader  than  the  adoral  spine,  and  in  having 
more  delicate,  rather  less  granuliform  superomarginal  spinelets. 
R  =  about  62  mm.,  r  =  about  16  mm.,  R  =  about  4  r;  breadth  of  ray 
at  base,  16  mm. ;  breadth  of  paxillar  area  on  same  transverse  line,  at 
second  superomarginal,  7  or  8  mm. 

Description. — ^Paxillae  compact,  close  set,  the  larger  at  base  of  ray 
and  adjacent  portion  of  disk,  with  about  16  terete  peripheral  spine- 
lets  and  upward  of  12  central  shorter,  somewhat  thicker  ones.  Across 
the  ray  from  one  second  inf eromarginal  to  the  opposite  side,  10  to  12 
paxillae  can  be  counted.  There  are  about  2  rows  of  paxillae  to  eadi 
superomarginal. 

Superomarginal  plates  about  86,  their  proportions  and  major 
spines  as  in  vappa.  There  is  a  series  of  short  conical  spines  extend- 
ing the  whole  length  of  the  ray,  the  first  on  the  inner  margin  of  the 
plate,  while  the  next  4  or  6  are  successively  nearer  the  middle  of 
plate,  an  approximate  position  maintained  by  the  remainder  of  the 
series.  Central  spinelets  of  dorsal  face  of  plates  appreciably  coarser 
and  shorter  than  those  of  lateral  face,  and  slightly  coarser  than  the 
central  spinelets  of  paxillae. 

There  are  2  lateral  inferomarginal  spines  (the  lower  about  two- 
thirds  or  three-fourths  the  length  of  the  upper),  sharp,  somewhat 
flattened  on  the  basal  third  of  ray.  They  are  usually  accompanied 
by  2  to  4  squamif  orm  spinules  which  stand  on  the  adoral  side  of  their 
bases.  On  the  first  2  or  ^  inf  eromarginals  there  are  8  to  5  flattened, 
broad,  sublanceolate,  appressed  spinules,  much  shorter  than  the  main 
lateral  spines,  in  a  row  on  the  actinal  surface  of  plate;  on  the  rest 
of  the  plates  of  the  proximal  half  of  the  ray  there  are  1  or  2  such 
spinules  near  the  aboral  border. 

Actinal  intermediate  plates,  4  in  each  interradius. 

The  median  adambulacral  furrow  spine  is  compressed  and  longer 
than  the  laterals.  In  the  next  row  are  2  spines,  of  which  the  aboral 
is  much  the  larger,  flattened,  strap-shaped,  with  a  truncate  or  slightly 
rounded  tip,  and  about  2  mm.  long.  The  proximal  spine  of  this 
series  is  situated  slightly  nearer  to  the  furrow,  and  beyond  the  base 
of  ray  it  is  about  0.6  the  length  of  the  other,  and  very  much  slen- 
derer.  Back  of  this  series  are  a  few  delicate  spinelets. 

Type.— Cut  No.  40124,  U.S.N.M. 

Type-locality. — Station  5174,  vicinity  of  Jolo,  20  fathoms,  coarse 
sand;  1  specimen. 

>  Ai  described  by  D9derlehi»  1017,  p.  124,  pL  6,  fig.  1 ;  pL  11,  figs.  2,  2a,  8. 
13434— BuU.  100—19 6 
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Distribution. — Known  only  from  the  type-locality. 

Remarks. — I  have  based  my  comparisons  of  this  form  upon  the 
figures  and  description  given  by  Doderlein  in  his  recent  revision  of 
Astropecten  (Doderlein,  1917). 

In  the  general  appearance  of  the  abactinal  surface,  inaegtiaUs 
bears  a  close  resemblance  to  the  figure  of  A.  mauritiensia  {=  A.  ben- 
ffalensis  Doderlein)  given  by  Koehler  in  his  Shallow- water  Aster- 
oidea  (Koehler,  1910a,  pi.  5,  fig.  7),  except  that  in  inaeqiudis  the 
paxillar  area  is  narrower.  Doderlein  on  plate  5,  figure  1,  gives  a 
clear  figure  of  the  dorsal  aspect  of  a  specimen  of  vappa  from  Sharks 
Bay,  Australia.  As  compared  with  this,  the  paxillar  field  of 
inaeqiudis  is  much  narrower,  occupying  only  about  half  the  total 
width  of  the  ray  at  base,  while  in  vappa  it  occupies  two-thirds.  D6- 
derlein's  figure  2a,  plate  11,  shows  that  the  adoral  spine  of  the  inner 
subambulacral  series  is  relatively  much  larger  than  in  inaequalis. 
In  vappa  there  are  apparently  more  conspicuous  and  rather  more 
numerous  actinal  inferomarginal  spines  in  addition  to  the  2  lateral 
spines. 

The  present  race  seems  to  be  more  nearly  related  to  vappa  than  to 
acanthifevy  although  the  latter  is  found  in  the  Banda  Sea  and  near 
Flores,  two  localities  geographically  nearer  than  the  habitat  of 
vappa^  which  is  recorded  by  Doderlein  from  southwest  Australia  and 
New  South  Wales.  In  acanthifer  the  marginal  spines  are  all  slen- 
derer and  the  inferomarginal  armature  is  more  bristling.  There  is 
a  well-developed,  conical,  sharp  actinal  inferomarginal  spine  instead 
of  an  aboral  series  of  flattened,  sublanceolate,  appressed  spinules. 

ASTROPECTEN  VELTTARIS  Ton  Martens. 

Plate  11,  figs.  8,  4;  plate  14,  fig.  2. 

Astropecten  velitaris  Voiy  Hastens,  1865,  p.  360. — SukDSN,  1888,  p.  214.— 
DdDEBLEiN,  1896,  p.  807,  pi.  18,  figs.  82,  82a;  1917,  p.  159,  pi.  6,  figs.  5,  15, 
16;  pi.  15,  figs.  8-8a.— KoEHLEB,  1910a,  p.  44. 

Notes  on  Philippine  specimens. — ^The  largest  specimen  in  the  col- 
lection has  E=32  mm.,  r=9  mm.,  B=3.55 ;  another  has  B=32  mm., 
r=8.6  mm.  There  are  numerous  specimens  nearly  as  large.  These 
are  not  "  young,"  for  the  gonads  are  well  developed.  If  this  form 
is  true  velitaris^  as  it  seems  to  be,  the  idea  that  it  is  the  young  of  A. 
hempricMi^  or  of  some  other  species,  may  be  definitely  abandoned. 

Most  of  the  specimens  have  a  stout  conical  superomarginal  spine 
on  the  first  plate  only,  but  a  small  percentage  have  a  spine  on  some 
of  the  second  plates.  Thus,  one  example  has  either  8  or  4  superomar- 
ginal spines  in  the  interbrachia,  while  others  have  2  or  8,  or  2  to  4, 
or  very  rarely  4  in  all  the  interbrachia. 

Paxillar  area  compact;  paxillae  large,  the  bases  oblong,  with 
6  short  lobes  on  the  papular  areas  of  ray,  and  irregularly  circular 
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with  2  or  8  short  lobes  on  papular  area  of  disk;  along  median  area 
of  ray  and  center  of  disk  they  are  broadly  elliptical  to  roundish, 
entire,  and  on  central  part  of  disk  much  smaller  and  imbricated. 
Papulae  are  lacking  in  central  area  of  disk  and  along  median  radial 
area  of  ray.  Crown  of  larger  paxillae  at  base  of  ray  with  4  to  10 
central,  short,  clavate,  granuliform  spinelets  and  12  to  15  longer 
round-tipped  peripheral  ones. 

The  superficial  superomarginal  grantdes  are  subcircular,  and 
stubby  to  appressed  squamiform,  and  round  tipped,  becoming  ab- 
ruptly slender  laterally.  The  inferomarginal  plates  extend  slightly 
beyond  superomarginals  laterally.  Inferomarginal  armature  splni- 
form  and  not  squamiform  as  in  -4.  zebra.  The  spines  are  also  more 
numerous  in  the  adult  specimens.  A  fairly  typical  marginal  plate 
from  the  middle  of  the  proximal  half  of  ray  has  a  prominent,  flat- 
tened, sharp,  lateral  spine  at  its  upper  and  outer  end,  2.5  plates  in 
length.  Immediately  below  it  is  a  semicircle  of  3  or  4  sharp,  slenderer 
spines  about  two-thirds  its  length.  Outside  this,  forming  a  concen- 
tric semicircle,  still  at  outer  end  of  plate,  are  5  or  6  still  smaller 
slenderer  spinules,  and  extending  transversely  along  plate  a  little 
aboral  to  middle  is  a  straight  series  of  5  or  6  spinules,  subequal,  at 
outer  end  of  series,  to  spinules  of  the  second  lateral  auxiliary  series, 
thence  increasing  slightly  in  length  toward  inner  end  of  plate.  The 
general  covering  of  plate  consists  of  spaced  slender  spinelets,  sharp 
when  dried,  but  blunt  in  alcoholic  specimens. 

The  adambulacral  armature  consists  of  a  long,  median,  curved, 
compressed  furrow  spine  with  a  considerably  shorter  and  slenderer 
one  on  either  side.  The  subambulacral  spines  are  in  2  series,  the 
inner  consisting  of  2  tapering  round-tipped  spines  a  little  longer 
than  the  lateral  furrow  spines,  and  the  aboral  the  longer  of  the  2; 
behind  these  is  a  row  of  8  or  4  smaller  spinelets,  or  a  group  of  3  to 
5.  In  small  specimens  only  2  are  present.  First  mouth  plate  much 
compressed  with  2  transverse  series  of  about  10  spines  each. 

Actinal  interradial  areas  extremely  small.  There  are  2  fair-sized 
plates  back  of  the  mouth  plates,  and  1  or  2  additional  plates  to  either 
side  of  these.  The  spinelets  are  closely  coordinated  and  form  in 
some  cases  incipient  fasciculate  or  pectinate  pedicellariae. 

Mouth  plates  very  narrow.  Marginal  series  occupies  only  the  inner 
half  of  each  plate  and  consists  of  about  7  spines,  cylindrical  and 
blunt,  increasing  in  length  toward  the  inner,  which  is  about  as  long 
as  one-third  or  one-half  interradial  length  of  plates.  There  is  a  reg- 
ular superficial  series  of  8  to  10  subequal  tapering  blunt  spines  which 
commonly  touch  over. the  suture  like  a  gigantic  pectinate  pedicellaria. 
These  spines  are  about  as  long  as  the  lateral  furrow  spines  and  are 
sometimes  a  trifle  flattened. 
Madreporic  body  close  to  margin,  partly  concealed. 
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Color  in  alcohol,  yellowish  with  a  broad  transverse  band  of  faded 
brown  at  middle  of  ray. 

Type. — ^Museum  Berlin,  No.  1604. 

Type-locality. — ^South  China  Sea. 

Distribution. — ^Formosa  to  Ceylon,  northwest  Australia,  and  Ad- 
miralty Islands.  The  Philippine  stations  are  consequently  within 
this  area.  The  specimens  recorded  by  me  from  the  Hawaiian  Islands 
are  not  velitaris.    (See  under  Remarks.) 

Specimens  examined. — Seventy-five. 


Specimens  of  Aatropecten  velitaris  examined. 

station. 

LocaUty. 

Depth. 

Nature  Of 
bottom. 

Num- 
ber. 

Sandalcan  Bay,  Borneo 

Fttihomt. 
Offbeaoh. 

30 

18      ' 

18 

12 

18 

26 

02 

Oraymud^nd 
...^.do 

M 

5090 

China  Sea,  off  southern  Luzon 

5150 

Tawi  Tawl  Qroup,  Sulu  Archipelago.. 

6157 

do V. ^...r. 

5158 

do 

do 

Sand. 

5161 

do 

5182 

Off  ^MMrtAm  Pftnfty...x. ...        .......  ..^  ^  ^ 

Mud,  fine  sand 
Fine  sand 

5480 

Vicinity  of  Surigao  Strait  (northeast  Tacbuc  Li^t,  Leyte) . 

* 

Remarks. — ^The  specimens  described  above  appear  to  belong  to 
the  same  species  as  that  figured  by  Doderlein  (1896,  pi.  18,  figs.  32, 
82a)  from  Amboina.  Doderlein^s  largest  example  was  only  half  the 
size  of  mine.  The  Philippine  specimens  are  perfectly  distinct  from 
A.  hemprichii^  and  whatever  the  relations  may  be  with  that  species, 
it  is  certain  that  velitaris  is  not  merely  a  young  phase,  for  several  of 
the  larger  specimens  examined  proved  to  be  sexually  mature.  Koeh- 
ler  (1910a,  p.  46)  quotes  Marenzeller's  opinion  that  velitaris  is  a 
young  form. 

Koehler  (1910a,  p.  44)  is  correct  in  questioning  my  Hawaiian  rec- 
ord of  velitaris.  The  form  described  by  me  and  recorded  as  A.  veU- 
tarts  is  distinct  and  differs  from  true  velitaris  in  having  short  tu- 
bercular spines  on  the  distal  superomarginals,  spaced  from  the  inner 
edge  of  plate,  in  addition  to  the  much  more  conspicuous  spine  of  the 
first  superomarginal  of  each  ray.  The  superomarginals  are  fewer 
and  a  little  more  massive,  the  paxillae  relatively  smaller,  the  infero- 
marginal  spines  fewer  and  in  a  single  transverse  series,  the  2  outer 
to  be  classified  as  lateral  spines;  the  spinelets  are  squamiform,  as 
in  zebra^  and  there  is  commonly  but  one  series  of  subambulacral 
spines,  3  to  a  series,  the  aboral  member  enlarged.  The  mouth 
plates  are  slightly  broader  than  in  velitaris  and  the  marginal  series 
of  spines  extends  farther  toward  the  outer  end  of  plate.  The  first 
adambulacral  is  not  so  much  compressed. 

The  Hawaiian  species  differs  from  A.  hemprichii  in  having  a  con- 
spicuous spine  on  the  first  marginal  plate,  and  a  different  inferomar- 
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ginal  and  adambalacral  armature.  A.  scopariw  lacks  the  prominent 
interbrachial  superomarginal  spines,  has  larger  paxillae  and  more 
numerous  inferomarginal  spines.  In  the  arrangement  of  supero- 
marginal spines  the  species  is  nearest  pugnax  Eoehler  and  mauri- 
Hanus  Gray.  From  the  latter  it  differs  in  several  minor  details,  such 
as  the  adambulacral  armature,  with  its  enlarged  subambulacral  spine, 
the  smaller  paxillae,  the  regular  transverse  series  of  inferomarginal 
spines.  Pugnax  has  large,  crowded  paxillae,  an  inferomarginal 
armature  identical  with  scopariusj  and  a  slightly  different  adambu- 
lacral armature. 

Doderlein  recently  named  the  Hawaiian  form  which  he  placed  in 
his  revision  of  Astropecten  in  the  ^^vappa  group,"  along  with 
A.  vappa^  triseriatua  koefderi^  hengdlensis^  mauritianua^  orsirdi^  and 
acanthifer. 

Astropecten  hawaiiensia  Doderlein,  1917,  p.  61  {^=ABtropecten 
velitaris  Fisher,  1906,  p.  1006,  pi.  1,  fig.  2;  pi.  2,  figs.  2,  2a)  may  be 
diagnosed  as  follows:  Similar  in  general  appearance  to  a  small 
A.  mauritiunusj  but  differing  in  having  smaller  paxillae,  2  lateral  and 
2  or  3  actinal  inferomarginal  spines,  forming  a  single  series  near  or  on 
distal  margin  of  plate,  and  in  having  1  series  of  3  (or  less  often  2) 
subambulacral  spines,  the  distal  conspicuously  enlarged.  Differing 
from  A.  koehleri  in  the  characteristic  arrangement  of  superomarginal 
tubercles  and  in  the  inferomarginal  armature  as  well  as  in  having 
smaUer  paxillae ;  perhaps  more  closely  related  to  the  latter.  Type- 
locality. — Albatross  station  4056,  Hilo  Bay,  Hawaii,  50  fathoms,  fine 
gray  sand. 

ASTROPECTEN  GRANULATUS  Mtiller  and  TroMhel. 

Astropecten  granulatus  MitLLEB  and  Tboschel,  1842,  p.  75. — Sladen,  1889, 
p.  215,  pi.  85,  figs.  8  and  4 ;  pi.  39,  figs.  4-6.— DSderlein,  1896,  p.  305.  pi. 
18,  flg&  80,  80a;  1917,  p.  148,  pi.  5,  fig.  7;  pi.  14,  figs.  1,  3,  3a;  pi.  17, 
figs.  2,  2b,  3.— KosHLEB,  1910a,  p.  40;  1910&,  p.  266. 

One  immature  specimen  from  station  5382,  Bagay  Gulf,  Luzon, 
128  fathoms,  mud. 

This  example  has  R=15  mm.,  r=5  mm.  It  agrees  more  closely 
with  the  figure  of  Sladen  than  with  that  of  Doderlein  (1896).  The 
spinelets  of  the  paxillae  and  superomarginal  plates  are  slenderer  and 
less  granuliform  than  in  Sladen's  specimen,  and  the  subambulacral 
spinelets  are  not  so  stumpy  and  broad.  These  are  in  a  single  series  of 
8,  subequal  or  the  middle  slightly  enlarged.  The  proportions 
of  the  superomarginal  and  inferomarginal  plates  and  shape  of  rays 
conform  to  Sladen's  figures.  The  more  delicate  spinulation  may  in 
some  way  be  correlated  with  the  unusually  great  depth  at  which  the 
Atbatrosa  specimen  was  dredged. 

The  ChMenger  specimen  was  taken  in  the  Arafura  Sea  at  28 
fiithoms,  green  mud.    Koehler's  example  was  taken  at  the  Aru  Is- 
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lands  in  8  to  10  meters,  and  Doderlein's  at  Thursday  Island.    The 
type-locality  is  not  known. 

▲STROPECTEN  MONACANTHUS  SUden. 

Aatropecten  monaeanthui  Sladen,  1889,  p.  216,  pi.  33,  figs.  7  and  8 ;  pi.  87, 
figs.  10-12.— KoEHiJER,  1910a,  p.  87,  pi.  3,  figs.  9-11 ;  pi.  5,  fig.  11.— D5dei- 
LBiN,  1917,  p.  150,  pi.  14,  figs.  6-65 ;  pL  17,  fig.  9. 

Eight  specimens  from  the  following  localities: 

Station  6181,  off  eastern  Panay,  26  fathoms,  mud,  fine  sand;  2 
specimens. 

Station  6182,  off  eastern  Panay,  24  fathoms,  mud,  fine  sand;  1 
specimen. 

Station  6480,  vicinity  of  Surigao  Strait,  62  fathoms,  fine  sand;  2 
specimens. 

Station  6481,  vicinity  of  Surigao  Strait,  61  fathoms,  sand,  shells, 
gravel;  2  specimens. 

Mantaquin  Bay,  Palawan,  4  feet,  sand,  1  specimen. 

Type-locality — ^East  of  Panay,  Philippine  Islands,  20  fathoms, 
mud  {OTiaUenger  expedition). 

Distribution. — ^Philippine  Islands,  Andaman  Islands,  east  coast  of 
India,  Bed  Sea. 

Remarks. — The  largest  specimen  measures  R=37  nun.,  r=10  mm.; 
the  smallest,  E=15  mm.,  r=5  mm.  The  3  examples  from  stations 
5181  and  5182,  east  of  Panay,  are  practically  from  the  type-locality. 
These  conform  to  the  figures  and  description  given  by  Koehler  of 
large  specimens,  and  there  seems  to  be  no  doubt  that  his  examples  are 
true  moruicanthus.    Sladen's  type  is  a  rather  small  specimen. 

The  largest  specimen,  from  station  5181,  has  a  small  tubercle  on 
one  of  the  first  inferomarginal  plates.  The  color  is  a  light  dull 
brown,  with  the  center  of  disk  and  a  narrow  radial  stripe  reddish 
brown. 

Astropecten  monacanthus  is  readily  recognized  by  its  fairly  large 
paxillae,  unarmed  granulate  supermarginal  (the  granules  flattened 
and  sometimes  squamiform),  the  close  mail  of  rounded  imbricating 
inferomarginal  squamules,  the  single  flattened  to  subterete  lateral 
spine,  with  a  small  companion  just  below  it,  and  the  highly  charac- 
teristic adambulacral  armature.  The  latter  consists  of  3  flattened 
furrow  spines  trimcate  or  roimd  tipped,  the  median  with  edge  to 
furrow.  These  are  succeeded  by  2  narrow  flattened  subambulacral 
spines,  so  placed  as  to  appear  to  form  an  arc  of  6  with  the  furrow 
spines.  They  are  shorter  than  the  lateral  furrow  spines,  usually 
tapering  and  bluntly  pointed.  Commonly  only  the  aboral  one  is 
present.  Back  of  these  are  2  very  broadly  spatulate  roimd-tipped 
or  truncate  spines,  about  as  long  as  the  lateral  marginal  spines,  the 
aboral  slightly  the  larger.     Sometimes  the  aboral  member  of  the 
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first  actinal  series  moves  back  a  little,  broadens,  and  stands  in  line 
with  the  2  spatulate  spines,  making  a  series  of  3 ;  or,  as  mentioned 
above,  it  may  stand  out  of  line.  It  then  forms  a  curved  series  with 
the  2  spatulate  spines. 

The  first  2  inferomarginals  may  have  several  squamules  en- 
larged, and  forming  a  transverse  series  of  2  or  3  accessory  flat  leaflike 
spinules  in  line  with  the  accessory  marginal  spinule. 

ASTROPBCTEN  EUCNBMI8.  IMW  fptdM. 

Plate  10,  fig.  1;  plate  14,  figs.  8,  So-d. 

Diagnosis. — ^Rays  5.  R=63  mm.,  r=9  mm.,  R=7  r  (R :  r,  variable ; 
see  variations) ;  breadth  of  ray  at  base  (second  superomarginal)  9.6 
mm.  A  species  with  long,  slender  rays,  usually  unarmed  superomar- 
ginals  and  large  paxillae,  resembling  A.  granulatus^  from  which, 
however,  it  differs  in  having  longer,  narrower  rays,  more  delicate 
paxillar  spinelets,  a  different  inferomarginal  armature,  more  numer- 
ous and  longer  subambulacral  spines,  and  narrower  mouth  plates, 
with  more  numerous  and  more  delicate  oral  spines. 

Description, — ^Rays  long  and  narrow,  very  gradually  tapering; 
disk  small,  with  a  slight  prominence  in  center;  interbrachial  angles 
abrupt;  sides  of  ray  rather  high  in  proportion  to  width,  especially 
at  base.  Paxillar  area  plane,  except  in  center  of  disk;  paxillae  large 
and  crowded,  arranged  in  not  very  regular  transverse  bands  on  ray, 

4  of  the  series  corresponding  to  the  second  and  third  superomar- 
ginals.  Pedicels  cylindrical  and  slender,  the  crown  very  flaring  and 
floriform,  consisting,  on  the  larger  paxillae  of  disk,  of  a  peripheral 
series  of  10  to  16  terete,  rather  slender,  round-tipped  spinelets,  en- 
drcling  a  central  divaricate  group  of  5  to  12  similar  but  slightly 
shorter  ones.    On  the  outer  third  of  ray  the  paxillae  have  about 

5  to  8  peripheral  and  usually  only  one  central  spinelet. 
Superomarginals  (48  in  number)  without  special  spines,  except 

sometimes  a  small  tubercle  on  the  first  plate.  They  are  wider  than 
long,  and  form  a  rounded  dorsal  margin  to  ray.  On  the  proximal 
half  of  ray  the  plates  form  more  than  half  of  the  perpendicular 
lateral  face  of  ray  and  decrease  gradually  in  height,  at  the  same 
time  encroaching  more  and  more  upon  the  paxillar  area,  as  the 
tip  of  ray  is  approached.  There  is  some  variation  in  the  propor- 
tions of  the  superomarfrinal  plates,  but  they  are  usually  higher  in 
the  larger  specimens.  The  f ascioles  are  rather  wide  and  abrupt 
between  the  plates  ard  have  a  slightly  oblique  trend  instead  of  being 
exactly  transverse.  Exposed  surface  of  plates  covered  with  close- 
set,  broadly  lanceolate  appressed  granuliform  spinelets  with  rounded 
or  bluntly  points  tips  directed  upward  or  distally. 
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Inferomarginals  not  extending  laterally  beyond  superomarginals. 
Lateral  spines  2,  tapering  and  sharp,  situated  at  outer  end  of 
plate,  the  upper  the  longer  and  equal  to  a  little  over  2  plates  in 
length.  Sometimes  a  third  very  much  smaller  spine  is  added  at  the 
inner  end  of  series  but  is  not  constant.  Spaced  from  the  lateral 
spines,  near  inner  end  of  plate  and  aboral  margin  is  a  smaller, 
sharp,  flattened  appressed  spine  a  little  longer  than  its  plate ;  at  the 
base  of  ray  there  are  usually  1  to  8  additional  similar  spines 
forming  a  series  continuous  with  the  lateral  spines.  If  the  number 
of  lateral  spines  is  represented  by  Boman  numerals  and  the  acces- 
sory actinal  marginals  by  Arabic,  the  spine  formula  for  the  first 
inferomarginal  of  type  is  0+4  or  6  or  1+4  or  6;  for  the  second, 
II+3  or  4;  for  the  third  II+2,  3,  or  4 ;  for  the  fourth,  II+2,  3,  or  4: 
from  here  it  is  11+2  usually  or  in  those  specimens  in  which  the 
third  small  lateral  is  not  developed,  II+l.  The  inner  actinal  spinule 
usually  disappears  on  the  outer  third  of  ray,  while  the  accessory  or 
third  lateral  persists,  if  it  happens  to  be  present  at  the  base  of 
ray.  The  spine  formula  for  the  outer  third  of  ray  is  commonly 
II+l,  or  II+O.  The  general  surface  of  plates  is  armed  with  spaced 
lanceolate  sharp,  or  exceptionally,  blunt  flattened  spinelets  directed 
outward,  2  to  4  being  enlarged  and  forming  a  series  adorally  to 
the  lateral  spines.  These  sharp  spinules  were  not  reckoned  in  the 
above  formulas,  as  they  stand  entirely  out  of  line  of  the  transverse 
series. 

Terminal  plate  rather  small,  about  as  wide  as  long  with  a  notch 
at  both  distal  and  proximal  ends,  between  which  runs  a  shallow 
sulcus. 

Adambulacral  armature:  (1)  A  furrow  series  of  3,  the  middle  the 
longest,  curved,  compressed  but  slender,  with  sharp  edge  toward  fur- 
row, the  laterals  a  little  shorter  only  slightly  flattened,  slenderer, 
tapering,  and  pointed.  (2)  On  the  actinal  surface,  a  longitudinal 
series  of  3,  the  median  about  as  long  as  the  middle  furrow  spine,  flat- 
tened and  sharply  or  bluntly  pointed,  the  laterals  much  slenderer, 
and  about  two-thirds  as  long  as  the  median.  Sometimes  only  2 
stand  in  this  series.  Back  of  these,  3  or  4  much  shorter  and  slenderer 
spinules  form  a  series  or  group.  A  large  specimen  (locality  imcer- 
tain)  has  all  the  subambulacrals  flattened  and  round  tipped,  the  en- 
larged spine  being  spatulate.  The  first  adambulacral  is  much  com- 
pressed and  bears  2  transverse  contiguous  rows  of  numerous  slender 
spinules,  and  has  no  enlarged  subambulacral,  but  the  second  plate, 
although  compressed  somewhat,  bears  an  enlarged  spine. 

Mouth  plates  narrow  and  small,  each  traversed  by  2  parallel  series 
of  spines;  the  marginal  with  about  16,  small  slender  spines  or  spin- 
ules, similar  to  those  of  the  first  adambulacral,  the  inner  2,  abruptly 
enlarged,  flattened,  and  round  tipped.    The  superficial  spinules  are 
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slightly  longer  and  stouter  and  the  inner  spine  of  each  series  is  some- 
times enlarged  (as  in  type)  forming  2  tiers  of  teeth  (3  to  a  plate)  at 
the  inner  angle. 

Actinal  intermediate  plates  2  to  4,  typically  with  a  group  of  spine- 
lets,  the  central  ones  sometimes  coordinated  to  form  a  pedicellarian 
apparatua 

Madreporic  body  oval,  medium  sized,  obscured  by  paxillae,  some  of 
which  arise  from  its  surface.  It  is  situated  less  than  its  own  dia- 
meter from  marginal  plates. 

Color  in  alcohol,  se^a. 

Variations  and  young. — ^A  well-marked  variety  probably  from 
station  5134,  26  fathoms,  perhaps  deserve  a  name.  It  differs  from 
the  typical  form  in  having  coarser,  more  squamif orm  and  blunter 
inf  eromarginal  spinelets,  2  marginal  spines,  without  a  third  smaller 
one  directly  below  and  frequently  only  1  spine  on  the  actinal  sur- 
face of  plate.  As  a  result  the  inferomarginals  appear  less  spiny. 
The  first  superomarginals  have  a  small  tubercular  or  clavate  spine  at 
the  upper  end,  and  the  second  and  third  plates  show  an  incipient  one. 
The  rays  are  very  long,  but  all  are  incofhplete.  The  proportions 
would  probably  be :  E=about  8  r. 

Twenty-nine  small  specimens  ranging  in  size  from  R=9.5  mm.  to 
R=19  mm.,  all  from  station  5182,  seem  to  be  a  small  variety  of  this 
species,  although  at  first  they  appear  to  be  quite  distinct.  Coming 
from  shallow  water  they  resemble  more  closely  the  aberrant  example 
from  station  6134,  but  have  much  shorter  rays.  These  small  exam- 
ples recall  both  Astropecten  zebra  and  A.  granvlatus^  but  the  distin- 
guishing marks  are  given  below. 

The  largest  specimens  have  R=19  mm.,  r=5  mm.,  R=3.8  r ;  breadth 
of  ray  at  base,  5  to  6  mm. ;  rays  tapering  evenly  to  pointed  extremity ; 
superomarginals  about  20  to  24,  forming  a  rounded  bevel  to  margin, 
and  not  encroaching  upon  paxillar  area  farther  than  in  adult  Six- 
teen specimens,  ranging  in  size  from  R=9.5  mm.  to  R=19  mm.  have 
no  sign  of  special  superomarginal  spines ;  6  specimens  varying  from 
R,  17  to  19  mm.,  have  a  small  tubercle  on  some  but  not  all  of  the  first 
superomarginal  plates;  1  or  2  have  tubercles  on  the  second  plates  in 
1  interbrachium ;  7  eicamples  of  the  same  ^ze  have  2,  3,  or  4  (more 
often  only  2)  short  tubercular  superomarginal  spines  in  each  inte- 
bracbium.  The  specimens  with  R  over  17  mm.  have  gonads  fairly 
well  developed.  The  inf  eromarginal  armature  consists  of  1  marginal 
spine  and  a  shorter  companion,  and  a  few  specimens  show  the  rudi- 
ments of  the  actinal  spines.  The  armature  is  similar  to  Sladen's 
figure  of  A.  granulatus  but  the  spinelets  are  slightly  less  squamif  orm. 
Ten  out  of  the  13  specimens  with  superomarginal  spines  have  2  pecti- 
nate actinal  intermediate  pedicellariae,  just  back  of  the  mouth  plates. 
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Of  the  16  lacking  superomarginal  spines,  only  the  2  largest  (B=19 
mm.)  have  the  pedicellariae;  the  other  14  (with  B  less  than  14  mm.) 
either  lack  the  pedicellariae,  or  have  them  in  a  very  incipient  stage. 
The  outer  row  of  subambulacral  spinelets  is  lacking  in  these  small 
specimens,  otherwise  the  armature  is  very  similar  to  that  of  the  large 
examples.  The  paxillae  have  1  or  2  central  and  8  to  12  periphenl 
spinelets,  relatively  shorter  and  stouter  than  in  the  adult  The  ter- 
minal plate  has  4  terminal  conical  spinelets. 

These  small  specimens  differ  from  Aatropecten  granulatus  in  hav- 
ing narrower  superomarginals,  which  fonufik  narrower  border  to 
paxillar  area,  and  distally  narrower  rays  which  taper  evenly  to  t 
point  (not  swollen) ;  in  having  often  small  interbrachial  supero- 
marginal spines  and  large  pectinate  actinal  interradial  pedicellariae, 
very  much  smaller  mouth  plates  and  a  much  slenderer  terminal  plate. 
The  inf  eromarginal  armature  is  similar  but  the  spinelets  of  grofm- 
lotus  as  figured  by  Sladen  are  a  little  more  squamiform. 

The  specimens  with  superomarginal  Spines  might  be  taken  for 
A.  zehra^  but  they  have  narrower  superomarginals,  smaller  paxillae, 
fewer  inferomarginal  spines  and  less  squamiform  spinelets,  smaller 
mouth  plates  and  a  slightly  different  adambulacral  armature. 
Very  young  monacanthus  has  the  curious  chaffy  inferomarginal 
spinelets  of  the  adult,  only  one  marginal  spine,  and  the  very  char- 
acteristic broad  spatulate  subambulacral  spines.  It  lacks,  of  course, 
the  superomarginal  spines. 

It  remains  to  add  that  one  of  the  most  striking  features  of  this 
species  is  the  rapid  increase  in  the  length  of  ray  relative  to  disk  as 
the  animal  grows.  The  smallest  of  the  deep-water  typical  specimens 
measures:  R,  42  mm.,  r  7.5  mm.,  R=:5.6  r;  the  next  size  has  R,  52 
mm.;  r,  8  mm.;  R=6.5  r.  In  the  type  R=7  r  and  in  the  large 
shallow-water  variety  R=about  8  r. 

Type.— Ceit  No.  87005,  U.S.N.M. 

Type-locality. — Station  5393,  between  Samar  and  Masbate  Islands, 
Philippine  Islands,  136  fathoms,  hard  sand. 

Distribution. — From  Masbate  Island,  Philippine  Islands,  to  Sulu 
Archipelago,  the  last  locality  somewhat  doubtful.  Typical  form  in 
108  to  136  fathoms,  sand ;  varieties  in  shallow  water. 

Specimens  examined. — ^Typical,  4;  from  the  type-locality,  3,  and 
1  from  station  5212,  between  Masbate  and  Talajit  Islands,  Philip- 
pine Islands,  108  fathoms,  gray  sand,  mud. 

Twenty-nine  small  specimens  from  station  5182,  off  eastern  Panay, 
24  fathoms,  fine  sand  and  mud.  At  this  station  were  taken  also 
A.  velitaris  and  A.  m^onacanthus. 

One  large  specimen,  not  typical,  from  station  5134,  Sulu  Archi- 
pelago, near  Basilan  Island,  25  fathoms,  fine  sand;  this  locality  is 
marked  doubtful. 
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RemarkB. — ^This  species  resembles  most  nearly  Astropecten  granu- 
Idtus  as  redescribed  by  Sladen.  The  fully  grown  typical  specimens 
differ  from  grarmlatus  in  having  much  longer,  narrower  rays,  a 
different  inf eromarginal  armature  and  smaller  mouth  plates.  The 
differences  between  the  small  specimens  and  granulatus  have  been 
detailed  under  "  Variations.'' 

Astropecten  notograptus  Sladen  from  the  Mergui  Archipelago 
bears  some  resemblance  to  the  young  of  this  species.  Sladen's  type 
measures  E,  16.5  mm. ;  r,  6  mm.  It  differs,  however,  in  having  much 
larger  paxillae,  with  short  granuliform  armature,  and  broader  su- 
peromarginals  (which,  like  some  of  the  young  etumemiSy  have  a 
tubercle  on  the  first  member) ;  in  having  the  marginal  plates  and 
adambulacral  armature  very  closely  resembling  that  of  young  Astro- 
pecten monacanthusy  even  to  the  characteristic  spatulate  subambula- 
cral  spines.  The  inferomarginal  spinelets  are,  therefore,  very 
squamif orm.    In  fact,  notograptus  is  extremely  close  to  monacanthiM. 

This  species  falls  in  the  monocanthus  group  of  Doderlein,  who 
subdivides  the  section  on  the  presence  of  inferomarginal  spines  on 
the  aboral  edge  of  the  plate  {granulatuSj  orientdlis) ;  or  on  the  ab- 
sence of  such  spines  (or  ^^mit  undeutlichen  Stachelen — die  ersten  2 
Flatten  konnen  kurze  Stacheln  tragen").  The  second  subsection 
includes  monacanthttSy  notograptus^  granulatusy  indicusy  bonnieriy 
sarasinorum  new,  malayanus  new,  umbrinuSy  pusiUtis.  A.  eucnemisj 
with  its  long  rays  and  inferomarginal  spines,  is  quite  distinct  from 
either  orientaUs  (having  broad,  heavy  superomarginal  plates)  or 
grantdatus. 

▲STBOPBCTBN   BBEIQCUS  Ftihtr. 

Plate  18,  fig.  2;  plate  15,  figs.  8,  8a-e. 
Astropecten  eremicus  Fisher,  1913a,  p.  605. — ^D5oeiilein,  1917,  pp.  50,  175. 

Diagnosis. — ^Disk  small,  rays  flexible  and  fairly  long;  relation  of 
R  to  r  variable,  in  type,  R=51  mm.,  r=9  mm.,  R=5.66  r;  breadth 
of  ray  at  base,  11  mm.  Paxillae  small,  not  crowded,  and  with  few 
spinelets;  abactinal  spiniform  pedicellariae ;  superomarginals  im- 
armed,  wholly  abactinal ;  inf eromarginals  extending  laterally  beyond 
superomarginals;  lateral  spines  2,  the  upper  the  longer,  and  equal- 
ing about  2.5  plates  in  length,  and  in  addition  an  actinal  marginal 
spine  near  the  adambidacral  plates  (on  proximal  half  of  ray) ; 
adambulacral  plates  with  4  or  5  slender  furrow  spines,  and  5  or  6 
similar. subambulacral  spines  in  2  longitudinal  series;  sometimes  a 
prominent  subambulacral  pedicellaria  with  4  to  6  spiniform  jaws  is 
present. 

Description. — Paxillar  area  narrow  on  ray.  Paxillae  small  and 
spaced,  with  slender,  relatively  high  pedicels  bearing  a  few  cylin- 
drical delicate  blunt  membrane  invested  spinelets,  slightly  shorter 
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to  slightly  longer  than  pedicel,  the  whole  about  1  mm.  high.  Each 
paxilla  has  a  broadly  elliptical  base  and  5  to  8  spinelets,  of  which  one 
usually  occupies  the  center,  except  on  the  distal  half  of  the  ray,  where 
the  paxillae  are  smaller,  and  have  4  or  6  spinelets,  or  at  tip  as  few 
as  2.  There  is  usually,  but  not  always,  a  slight  prominence  at  center 
of  disk.  The  papulae  extend  about  half  the  length  of  ray.  .  Scat^ 
tered  over  abactinal  surface  are  fairly  numerous  pedicellariae  borne 
on  special  plates,  and  with  usually  4  spiniform  jaws  nearly  as  thick 
as  the  pedicel  of  a  paxilla. 

Superomarginals  (36  to  38)  dorsal  in  position  (the  upper  ends  of 
the  inferomarginals  forming  the  margin  to  ray)  and  forming  a  con- 
spicuous, slightly  rounded  border  to  the  paxillar  area.  The  plates 
are  proximally  wider  than  long  but  on  outer  portion  become  slightly 
longer  than  wide.  They  bear  no  special  spines  but  are  covered  with 
slightly  spaced  lanceolate  pulpy  spinelets  very  sharp  on  central  por- 
tion of  plate  (where  they  are  directed  toward  end  of  ray),  but  blunt 
on  the  edge.  Here  they  close  over  the  deep  fasciolar  grooves,  lined 
with  capillary  spinelets.  As  in  the  case  of  the  paxillae,  the  calcareous 
spinelet  is  really  very  delicate  and  the  various  proportions  and  shapes 
of  the  superomarginal  papillae  are  due  to  the  membranous  invest- 
ment. 

Terminal  plate  fairly  large,  notched  at  tip  and  with  deeply  con- 
cave margin  toward  paxillar  area.  The  surface  is  covered  with 
minute  spinelets,  and  in  addition  8  needlelike  spines,  4  on  either 
side  at  the  tip,  the  2  central  ones  of  each  series  being  the  longest,  and 
usually  a  little  longer  than  the  plate,  as  seen  from  side. 

Inferomarginals  extending  laterally  beyond  superomarginals  about 
half  the  width  of  the  latter  and  forming  a  beveled  border  to  actinal 
surface.  The  width  of  the  plates  equals  about  the  length  of  2,  in- 
cluding the  fasciolar  groove.  General  surface  covered  with  large 
spaced  pulpy  lanceolote  spinelets  which  abactinally  become  much 
smaller  and  grade  into  the  superomarginal  spinelets.  These  spinelets 
are  directed  outward  and  aborally,  and  are  usually  sharp,  except  at 
inner  end  of  plate.  Lateral  spines,  usually  2,  the  outer  and  upper  (on 
the  upper  end  of  plate)  the  longer  (equaling  2.5  plates  in  length) 
tapering,  flattened,  and  very  sharp.  The  second,  about  two-thirds  to 
three- fourths  the  length  of  the  first,  is  spaced  from  it  slightly,  and 
is  much  slenderer  and  more  nearly  cylindrical,  although  flattened 
obviously  at  the  base.  Barely  a  smaller  spine  makes  a  third  in  this 
series.  Rather  nearer  the  inner  edge  of  plate  than  base  of  second 
lateral  spine,  is  a  much  shorter  and  more  delicate  spine,  which  is 
well-developed  only  on  the  proximal  half  of  the  ray.  It  is  analogous 
to  the  inner  inferomarginal  spine  of  A.  phragmorus. 

Ambulacral  furrow  wide;  tube  feet  large,  with  sharp  point. 
Adambulacral  plates  with  wide  sutures  and  strongly  convex  farrow 
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margin,  which  bears  (instead  of  the  usual  number  of  3)  4  or  6  long, 
slender,  tapering,  pointed,  membrane-invested  spines,  that  on  the 
apex  of  the  angle  the  longest  and  a  trifle  flattened.  The  subambu- 
lacral  spines  are  slightly  shorter,  and  although  the  calcareous  por- 
tion is  slender  and  needlelike,  the  light  brown  pulpy,  translucent 
investment  is  swollen  (as  in  all  the  other  actinal  spinelets),  so  that 
the  spinelets  appear  to  be  stout  clavate,  and  pointed.  There  are 
usually  about  5  (as  many  as  7)  in  2  longitudinal  series,  or  less  often 
irregularly  placed.  A  variable  number  of  plates  (for  instance  5  to 
7  on  either  side  of  a  furrow)  bear  a  conspicuous  conical  pedicellaria 
with  4  to  6  lanceolate  spiniform  jaws,  very  much  stouter,  but  shorter, 
than  the  subambulacral  spines,  which  the  pedicellaria  partly  or 
wholly  replaces  on  its  particular  plate.  These  pedicellariae  are  simi- 
lar to  those  on  the  paxillar  area.  The  first  adambulacral  is  con- 
siderably compressed  and  often  bears  a  pedicellaria. 

Actinal  intermediate  plates  very  few  (about  6)  their  5  or  6  spine- 
lets coordinated  to  form  a  pedicellarian  apparatus  similar  to  those  of 
the  adambulacral  plates.  Occasionally  the  spinelets  are  not  quite  so 
specialized,  as  if  in  a  transition  stage  from  a  low  paxilla  to  a 
pedicellaria. 

The  combined  mouth  plates  narrow,  but  4  enlarged  teeth  at 
inner  angle  (the  2  median  the  longer),  and  3  or  4  spines  of 
about  the  same  size  at  the  outer  angle  of  each  plate.  Between  the 
two  groups,  the  plates  are  covered  with  smaller  spinelets,  the  super- 
ficial the  largest,  those  toward  edge  decreasing  in  size.  On  either 
side  of  the  median  suture  on  some  plates  these  spinelets  are  arranged 
in  a  fairly  regular  series,  with  about  2  additional  irregular  series 
toward  the  margin.  The  true  marginal  spinelets  are  small,  save  for 
the  teeth,  and  form  an  angular  series,  with  the  angle  at  the  inner  end 
of  the  plate  near  the  teeth.  The  armature  of  the  mouth  plates  is 
rather  confused  and  irregular.  The  enlarged  outer  superficial  spines 
are  characteristic. 

Madreporic  body  small  and  partly  or  wholly  hidden  by  paxillae. 
It  is  situated  close  to  the  superomarginal  plates,  sometimes  nearly 
touching  them,  sometimes  its  own  diameter  distant.  The  striae  are 
few,  coarse,  and  are  nearly  parallel  with  interradial  line. 

The  general  color  is  a  light  brown,  darkest  on  the  actinal  surface, 
or  a  washed-out  yellow  ochre.  In  the  darker  specimens  the  color  is 
lodged  in  the  epidermis  investing  the  spinelets. 

Type.— Cfit.  No.  30511,  U.S.N.M. 

Type-locality. — Station  5491,  Surigao  Sea,  between  Leyte  and 
Mindanao,  736  fathoms,  green  mud  and  coral. 

Distribution. — Oflf  southern  Luzon  to  Surigao  Sea,  between  Leyte 
and  Mindanao,  630  to  736  fathoms. 
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Specimens  exwmmed. — ^Ten  from  the  following  Philippine  locali- 
ties: 

Station  6219,  between  Marinduque  and  Luzon,  530  fathoms,  greoi 
mud;  2  specimena 

Station  5491,  Surigao  Sea,  between  Leyte  and  Mindanao,  786 
fathoms,  green  mud,  coral;  1  specimen. 

Station  5492,  Surigao  Sea,  between  Leyte  and  Mindanao,  7S5 
fathoms,  gray  mud;  3  specimens. 

Station  5494,  Surigao  Sea,  between  Leyte  and  Mindanao,  678 
fathoms,  green  mud,  sand ;  4  specimens. 

Remarks. — Astropecten  eremdcus  resembles  in  general  appearance 
A.  Imomcus  and  A.  teneUus^  from  which  it  differs  in  the  entire  ab- 
sence of  superomarginal  spines,  in  regularly  having  4  or  5  fur- 
row spines,  as  well  as  in  several  special  features  detailed  under 
each  of  the  above  species.  The  absence  of  superomarginal  spines  and 
the  presence  of  abactinal,  actinal  intermediate,  and  subambulacral 
pedicellariae  will  suffice  to  distinguish  eremdcus  from  A.  griegi 
Koehler,  also  a  deep-water  species  with  slender  rays.  There  is  t 
great  resemblance  between  eremicus  and  A.  ptcsUlttlus  Fisher  fnnn 
the  Hawaiian  group.  Both  have  slender  rays,  and  the  same  type  of 
slender  spinelets  with  a  brownish  pulpy  investment.  PusiUulus  has 
but  3  furrow  spines,  the  median  stouter  and  wider  than  in  eremi' 
eusj  being  much  flattened;  paxillae  with  lower  pedicel  and  shorter 
spinelets;  no  actinal  inferomafginal  spine  in  addition  to  the  two  lat- 
eral spines  (except  sometimes  on  the  first  2  or  3  plates) ;  shorter 
rays  and  relatively  larger  disk.  PusiUtdus  lacks  abactinal  pedi- 
cellariae, but  has  adambulacral '  and  actinal  intermediate  ones 
similar  to  those  of  eremicus.  I  think  the  two  species  are  closely  re- 
lated.    (See  Fisher  1906,  p.  1008,  pi.  1,  fig.  3,  pi.  2,  fig.  4,  4a-i.) 

ASTROPECTEN  LUZONICUS  Fisher. 

Plate  12,  fig.  2 ;  plate  13,  fig.  8 ;  plate  14,  Ass.  4,  4a-&. 
Astropecten  luzonicus  Fishes,  1913a,  p.  006. — ^DOderlein,  1917,  pp.  50,  175. 

Diagnosis. — Similar  to  A.  eremicus,  but  with  longer,  narrower 
rays;  a  small  tubercular  spine  on  the  first  few  superomarginal 
plates;  only  3  furrow  spines  beyond  the  first  5  or  6  plates;  armature 
of  each  mouth  plate  in  2  regular  longitudinal  series.  Disk  very 
small,  rays  long,  slender,  and  very  flexible;  paxillar  area  narrow; 
paxillae  small,  delicate;  lateral  spines  2  or  3;  furrow  spines  3; 
subambulacrals  2  to  4,  none  enlarged. 

Type,  R=68  mm.,  r=9  mm.,  R=7.55  r;  breadth  of  ray  at  base,  9  to 
10  mm. 

Description. — ^Paxillae  small  and  spaced,  very  similar  to  those  of 
Astropecten  eremicus,  having  a  slender  pedicel,  capped  by  5  to 
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8  slender,  blunt  membrane-invested  spinelets,  as  long  as  or  slightly 
longer  than  the  pedicel,  which  springs  from  a  broadly  elliptical 
base — one  conspicuously  larger  than  the  caliber  of  the  pedicel. 
Paxillae  fairly  uniform  in  size  except  on  low  eminence  in  center  of 
disk,  and  far  along  ray,  where  they  are  smaller  and  lower,  those  on 
the  outer  third  of  ray  having  5  to  2  spinelets.  Papulae  absent 
from  center  of  disk  and  median  area  of  ray.  They  extend  along 
either  side  of  the  ray  in  a  narrow  band  as  far  as  the  middle.  The 
paxillar  area  is  narrow,  beyond  the  middle  occupying  but  a  little 
over  the  median  third  of  the  entire  width  of  ray.  Pedicellariae, 
similar  to  those  of  erenUcusj  but  smaller,  are  present  among  the  paxil- 
lae, but  are  very  few  and  inconspicuous. 

Superomarginal  plates,  about  55  to  each  side  of  the  ray,  similar 
to  those  of  A.  eremicua  in  form  and  position,  but  the  central  spine- 
lets  are  not  sharp  and  squamiform  as  in  eremicua;  rather,  they  are 
blunt  and  clavate,  or  cylindrical. 

The  first  5  to  10  plates  bear,  at  the  upper  end  of  the  plate,  slightly 
spaced  from  the  inner  edge,  a  small  upright  conical,  sharp,  tubercular 
spine.  This  rapidly  decreases  in  size  and  merges  into  the  spinelets, 
and  may  be  lacking  on  the  first  superomarginal. 

Terminal  plate  similar  to  that  of  A.  ererrucus^  with  2  to  4  slender 
spines  on  either  side  of  the  tip. 

Inferomarginal  plates  similar  to  those  of  A.  eremicus^  forming 
the  margin  of  ray  and  covered  with  coarse,  spaced,  sharp  pulpy 
spinelets.  Lateral  spines,  3  proximally  and  2  distally,  the  upper,  the 
longer  and  stouter,  being  sharp,  flattened  and  narrowly  lanceolate. 
The  others  are  narrower  and  shorter,  the  lowest  (when  there  are  3) 
being  the  smallest.  In  some  specimens  only  the  first  few  plates  have 
8  lateral  spines,  the  rest  having  2 ;  and  one  large  specimen  (station 
5363)  has  only  2  throughout.  The  small  spine  near  the  inner  end  of 
the  plates  of  A.  eremicus  is  lacking  except  rarely  on  the  first  2  or  3 
plates.  Six  or  8  plates,  scattered  throughout  each  side  of  the  ray  of 
type,  bear  a  large  spiniform  pedicellaria  with  4  to  6  jaws  near  the 
inner  end.  This  is  either  absent  or  of  very  rare  occurrence  in  the 
other  specimens 

Adambulacral  plates  with  3  furrow  spines  (except  on  first  5  to 
7  plates  where  there  are  4),  the  middle  spine  conspicuously  the  larger, 
blunt,  flattened,  and  saberlike,  the  laterals  slenderer,  subterete,  and 
pomted.  The  actinal  surface  of  the  plate,  which  is  not  extensive, 
bears  2  to  4  shorter,  sharp  spinelets  in  1  or  2  series ;  none  of  them  are 
especially  enlarged,  so  that  they  are  subequal,  or  one  on  outer  part  of 
plate  may  be  much  smaller. 

Owing  to  the  pulpy  investment  the  caliber  of  the  subambulacrals 
is  variable — sometimes  slender,  sometimes  stout.  No  subambulacral 
pedicellariae. 
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Actinal  intermediate  plates  5  or  6,  each  with  a  spinif orm  pedicel- 
laria  with  4  to  6  jaws. 

Mouth  plates  similar  to  those  of  A.  eremicus  but  the  spines  in  two 
definite,  regular  longitudinal  series  to  each  plate,  not  irregular. 
Marginal  series  angular  with  7  or  8  spines,  slightly  shorter  than  the 
lateral  furrow  spines,  the  2  inner  abruptly  enlarged  to  form  stout, 
blunt  teeth;  the  series  is  continued  adjacent  to  first  adambulacral  in 
about  5  little  spinelets.  The  superficial  series  contains  7  or  8  much 
thicker,  bluntly  pointed,  lanceolate  spines  (in  line  with  the  inner 
tooth)  the  outer  1  or  2  slightly  enlarged. 

Madreporic  body  near  to  but  not  touching  superomarginals.  It 
is  small,  partly  obscured,  and  crossed  by  few,  coarse  striae  radiating 
from  the  middle  of  the  adcentral  side. 

Color  in  alcohol,  bleached  yellowish  or  brownish. 

Variations. — ^The  chief  variations  in  armature  have  already  been 
indicated.  It  remains  only  to  point  out  that  the  smaller  specimens 
have  relatively  shorter  rays,  although  still  slender.  A  specimen  from 
station  6112  measures  as  follows:  E=35  mm.,  r=:6  nmu,  E=5.8  r; 
breadth  of  ray  at  base,  6  nmi. 

Type.— Cat.  No.  30612,  U.S.N.M. 

Type-locality. — Station  6112,  Balayan  Bay,  southern  Luzon,  177 
fathoms,  dark  green  mud,  bottom  temperature  52.4°  F. 

Distribution. — Oflf  southern  Luzon,  Philippine  Islands. 

Specimens  examined. — Seven  from  the  following  stations: 

Station  6111,  Balayan  Bay,  southern  Luzon,  236  fathoms,  green 
mud ;  1  specimen. 

Station  6112,  same  locality^  117  fathoms,  dark  green  mud;  4 
specimens. 

Station  6363,  same  locality,  180  fathoms;  1  specimen. 

Station  5366,  same  locality,  214  fathoms;  1  specimen. 

Remarks. — ^This  species,  while  resembling  Astropecten  erenUcus^ 
differs  in  having  longer  and  slenderer  rays,  small  tubercular  spines 
on  the  first  few%superomarginal  plates,  only  three  furrow  spines,  no 
adambulacral  pedicellariae,  mouth  plates  with  two  regular  length- 
wise series  of  spines,  no  small  spine  near  the  inner  end  of  the  inf  ero- 
marginal  plates,  very  few  abactinal  pedicellariae,  terete,  or  clavate 
spinelets  on  the  surface  of  the  superomarginal  plates.  The  mouth 
spines  are  not  irregular,  but  arranged  in  two  regular  longitudinal 
series  on  each  plate. 

ASTROPECTEN  TENELLUS  ] 


Plate  11,  figs.  1,  2 ;  plate  15,  figs.  1,  lor-b. 

Astropecten  tenellua  Fisher,  1913a,  p.  606.— D5derlein,  1917,  pp.  50,  17d. 

Diagnosis. — ^Very  similar  to  Astropecten  griegi  Koehler,  from 
which  it  differs  in  having  a  few  abactinal  pedicellariae  among  thi^ 
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pazillae;  in  lacking  a  special  spine  on  the  distal  superomarginals;  in 
having  very  sharp,  flattened  inf  eromarginal  spinelets,  and  proximally 
several  spinules  along  the  aboral  edge  of  the  inferomarginal  plates 
ventral  to  the  lateral  spines;  in  having  the  median  furrow  spine  con- 
spicuously flattened,  not  cylindrical;  in  having  proximally  adam- 
bulacral  pedicellariae.  Disk  small,  rays  long  and  slender.  R=108 
mm.,  r=10  mm.,  E=10.8  r ;  breadth  of  ray  at  base,  11  mm.  A  smaller 
si>ecimen,  however,  measures  as  follows:  R=48  mm.,  r=6  mm., 
R=8  r. 

Description. — Paxillar  area  very  narrow  on  rays,  as  is  griegi. 
Paxillae  fairly  compact,  with  a  rather  stout  pedicel  surmounted  by 
a  tuft  of  delicate,  cylindrical,  blunt  spinelets  slightly  longer  to 
slightly  shorter  than  the  pedicel.  Commonly  there  is  a  central 
spinelet  surroimded  by  8  to  12  on  the  periphery  of  pedicel;  far 
along  the  ray  the  paxillae  become  lower,  and  the  spinelets  are  fewer. 
There  are  a  few  pedicellariae  with  about  4  upright  spiniform  jaws, 
shorter  than  the  paxillae,  scattered  over  disk  and  proximal  portion 
of  ray. 

Superomarginals  forming  a  conspicuous  arched  bevel  to  abactinal 
area,  dorsal  in  position,  proximally  wider  than  long,  distally  longer 
than  wide,  covered  with  small,  spaced,  bluntly  pointed  spinelets 
usually  a  little  larger,  more  squamiform,  and  appressed  on  center 
of  plate.  In  griegi  these  spinelets  are  extremely  short  in  the  median 
region,  becoming  longer  toward  the  transverse  margins;  in  tenellus 
they  are  the  reverse.  The  plates  bear  a  tapering,  slightly  flattened, 
sharp  spine  about  as  long  as  the  plate  on  the  upper  (or  inner)  end 
and  aboral  margin.  Sarely  there  are  2  spines.  This  spine  is  lacking 
from  the  terminal  fourth  or  fifth  of  the  ray.  In  griegi  the  spine 
seems  to  continue  to  the  end  of  the  ray. 

Inf  eromarginals  covered  with  coarse,  lanceolate,  mucronate,  squami- 
form appressed  spinelets,  or  in  small  specimens  with  slenderer,  more 
terete,  and  pointed  ones.  They  bear  3  or  4  conspicuous,  slender, 
flattened,  sharp,  lateral  spines  placed  as  in  griegi  at  the  upper  end 
of  plate  along  the  aboral  edge;  and  continuing  this  series  to  the  inner 
end  of  plate  are,  on  the  proximal  plates,  3  to  5  shorter,  slenderer, 
spinules  evidently  enlarged  from  the  spinelets  covering  the  plate. 
Distally  these  spinules  are  scarcely  more  than  slightly  enlarged 
spinelets,  and  are  few  in  number  and  of  irregular  occurrence. 

Adambulacral  plates  well  spaced  and  rather  short.  Furrow  spines 
3,  rather  long,  the  median  slightly  the  longest,  flattened,  saber-shaped 
and  pointed,  the  other  two  more  cylindrical,  slenderer,  tapering,  and 
pointed.  Subambulacral  spines:  Back  of  the  furrow  series,  a 
slightly  oblique  longitudinal  series  of  3,  the  aboral  the  largest,  and 
usually  longer  than  the  median  furrow  spine ;  the  others  are  decreas- 
ingly  shorter.    Back  of  these  there  are  3  to  6  shorter,  slender  spinules 
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either  in  a  series  or  irregularly  placed,  which  grade  the  spinulation 
of  the  adambulacrals  into  that  of  the  inferomarginals.  Sometimes 
the  enlarged  subambulacral  stands  on  the  furrow  margin,  appearing 
to  form  one  of  the  furrow  series.  A  few  proximal  plates  may  hare 
4  furrow  spines  (not  counting  a  subambulacral  out  of  position).  In 
a  specimen  from  station  5518  the  first  and  second  plates  bear  a  con- 
spicuous conical  subambulacral  pedicellaria  composed  of  about  6 
spines.  The  type  has  1  or  2  and  a  cotype  has  several,  so  that  it 
seems  to  be  a  constant  character. 

The  actinal  intermediate  plates  are  few  and  bear  a  tuft  of  spine- 
lets  about  as  long  as  the  outer  subambulacrals  or  a  conical  spinif onn 
pedicellaria.  Pedicellariae  are  not  mentioned  in  the  description  of 
griegi. 

The  armature  of  the  mouth  plates  (which  are  of  the  type  of 
eremious  and  luzordcua)  consists  of  a  marginal  series  of  7  or  8,  in 
creasing  in  length  toward  the  inner  end  of  the  plate — ^the  combined 
plates  having  either  4  or  6  enlarged,  blunt  teeth.  The  superficial 
spines  are  not  in  regular  series,  are  numerous,  and  coarse.  They  cor- 
respond to  about  2  series. 

Madreporic  body  less  than  its  own  diameter  distant  from  supero 
marginal  plates  and  nearly  obscured  by  paxillae. 

Type.— Cat.  No.  30513,  U.S.N.M. 

Type-loccHity. — Station  5463,  Albay  Gulf,  east  coast  of  southern 
Luzon,  146  fathoms. 

Distribution. — Southern  Luzon  to  Mindanao  Sea,  Philippine  Is- 
lands, 146  to  200  fathoms. 

Specimens  examined. — Eight;  4  from  the  type-locality;  2  from 
fetation  5518,  Mindanao  Sea,  oflF  Point  Tagolo,  Mindanao,  200  fathoms, 
gray  mud,  globigerina,  bottom  temperature,  54^  F.;  and  2  from 
station  5268,  Batangas  Bay,  Luzon,  170  fathoms,  sand  and  shells. 

Remarks. — ^The  differences  between  this  species  and  A.  griegi  (Bay 
of  Bengal,  Indian  Ocean,  130  to  464  fathoms)  have  been  mentioned 
in  the  diagnosis  and  description.  It  differs  from  A.  eremicus  in 
having  much  longer,  slenderer  rays,  superomarginal  spines,  only  3 
furrow  spines,  and  an  enlarged  subambulacral  spine;  and  from 
luzonicus  in  having  the  superomarginal  spines  extending  far  along 
ray,  not  confined  to  the  base;  in  having  laiger  paxillae,  fewer  sub- 
ambulacral spines,  of  which  1  is  enlarged,  no  inferomarginal  pedi- 
cellariae, a  few  proximal  subambulacral  pedicellariae,  and  a  row  of 
accessory  inferomarginal  spinules,  below  the  lateral  spines.  The 
superficial  mouth  spines  are  more  numerous,  and  not  in  a  single, 
regular  series,  as  in  luzonicus. 

Astropecten  imhellis  Sladen  from  100  fathoms  off  Tablas  Island, 
Philippine  group,  is  a  young  form :  Of  the  4  species  eremicus^  luzon- 
icus^ teneUusj  and  pedicellaris  I  think  it  can  be  confused  only  with 
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teneUus^  which  it  resembles  in  having  the  superomaxginal  spines 
extending  as  far  as  the  middle  of  ray.  This  would  cut  out  eremicus^ 
which  entirely  lacks  superomarginal  spines,  and  Imonious^  in  which 
the  spines  occur  only  at  the  base  of  ray.  If,  however,  a  small  speci- 
men of  luzonicua  (B=:30  mm.,  r=6  mm.,  R=6  r)  only  slightly 
larger  than  Sladen's  type  is  compared  with  his  figures  and  descrip- 
tion the  following  additional  differences  are  evident.  In  luzordous 
the  rays  are  much  slenderer,  the  paxillar  area  narrower,  and  such 
superomarginal  spines  as  are  present,  shorter.  There  are  2,  not  3  or  4, 
lateral  spines,  the  superficial  mouth  spines  are  conspicuously  stouter 
than  the  lateral  marginals  and  in  a  single  series.  The  median  furrow 
spine  is  strongly  compressed  and  longer  than  the  laterals. 

There  is  a  specimen  of  tenellua  with  R  =  22  mm.,  r  =  4.5  mm., 
B=slightly  less  than  5  r.  (In  imbelUs  E=24  mm.,  r=7  mm., 
R  =  3.43  r.)  The  rays  of  teneUus  are  longer  and  slenderer  than 
those  of  imleUis^  even  though  the  specimen  is  smaller,  the  paxillar 
area  is  relatively  narrower,  one  of  the  subambulacral  spines  is  con- 
spicuously enlarged  and  all  are  longer  than  in  imbeUiSj  interradial 
pedicellariae  are  present,  and  the  inf  eromarginal  spinelets  are  spaced, 
sparser,  sharp,  and  closely  appressed.  The  aboral  line  of  accessory 
spinules  characteristic  of  the  adult  has  begun  to  develop. 

The  numerous  pedicellariae  of  pediceUaris^  as  well  as  its  propor- 
tions and  adambulacral  armature  will  serve  to  distinguish  it  from 
ifnheUis. 

ASTBOPBCTEN  PEDICELLARIS  ] 


Plate  12,  fig.  1;  plate  38,  fig.  4;  plate  15,  figs.  2,  2a-€. 
Aitropeden  pedicellaris  Fisheb,  1913a,  p.  607.-~D0deblein,  1917,  pp.  50, 176. 

Diagnosis. — Similar  in  general  appearance  to  A.  tenelhiSj  but  dif- 
fering in  having  abimdant  abactinal  and  adambulacral  pedicellariae 
as  well  as  pedicellariae  on  superomarginal  and  inferomarginal  plates, 
smaller  paxillae,  narrower  superomarginal  plates,  and  more  promi- 
nent lateral  spines,  which  are  4  in  number,  except  on  outer  third 
of  ray,  where  3  are  present.  Kays  long  and  slender;  paxillar 
area  narrow.  R=74  mm.,  r=9  mm.,  E=8.2  r;  breadth  of  ray  at 
base,  9  to  10  mm. 

Description, — ^Paxillae  similar  to  those  of  A.  eremicua.  Spinelets 
terete,  blunt,  usually  as  long  as  or  a  trifle  longer  than  pedicel;  and 
on  the  largest  paxillae  of  interradial  areas  there  is  1  central 
spinelet  and  9  or  10  in  a  peripheral  series;  halfway  along  ray  there 
are  6  or  7  in  a  peripheral  series  and  no  central  spinelet.  Scattered 
over  the  paxillar  area  are  numerous  conical  pedicellariae  with  3  to  6 
blunt,  tapering,  spiniform  jaws  which  are  slightly  longer  than  the 
pedicels  of  paxillae. 
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Superomarginals,  43  to  44  (on  longest  ray),  slightly  longer  than 
wide,  except  at  base  of  ray,  and  covered  with  short  spinelets,  slightlj 
flattened,  lanceolate,  and  blunt  on  center  of  plate,  slenderer  and 
terete  at  sides.  Each  plate  on  the  proximal  three-fourths  of  ray 
bears,  at  the  upper  end  slightly  aborally  from  center,  a  conical  sharp 
spine  (as  in  tenelhcs)^  about  as  long  as  the  plate.  Most  of  the 
plates  bear  also,  near  the  center,  a  low,  dome-shaped,  fasciculate, 
pedicellaria  composed  of  4  to  8  slightly  modified  stubby  spinelets 
These  pedicellariae  are  somewhat  irregular  in  position  and  2  are 
occasionally  present.  Their  spinelets  are  thicker  than  the  neighbor- 
ing spinelets. 

The  inferomarginals  extend  laterally  beyond  the  superomarginals 
defining  the  border  of  ray,  as  in  erermcus^  lu&onious^  and  teneUn$, 
Lateral  spines  4,  or  3  on  outer  third,  slender,  tapering,  sharp,  and 
sometimes  slightly  curved;  and,  in  addition,  the  plates  of  the  proxi- 
mal third  continue  the  series  to  the  inner  end  of  plate,  with  1  or  2 
shorter,  slenderer,  but  well-developed  spinules.  The  uppermost 
spine,  or  the  second,  is  the  longest  and  proximally  equals  2.5  plates. 
The  spinelets  of  the  inferomarginals  are  coarse,  tapering,  and  bluntly 
pointed.  Most  of  the  proximal  plates  bear  a  small  fasciculate  pedi- 
cellaria at  the  upper  end,  near  the  base  of  the  first  spine;  and  on  the 
ventral  surface  of  nearly  all  the  plates  are  1  to  3  similar  but  larger 
pedicellariae. 

Adambulacral  armature:  (1)  Furrow  spines,  8,  the  median  com- 
pressed and  thin,  with  a  rounded,  or  blunt,  point,  the  laterals  a  trifle 
shorter,  tapering,  and  much  slenderer.  (2)  On  the  actinal  surface, 
back  of  the  furrow  series,  a  series  of  2  or  3  spines  similar  to  those  of 
tenellu8^  the  aboral  member  enlarged,  tapering,  slender,  flattened, 
blunt-pointed  and  a  little  longer  than  median  furrow  spine;  behind 
these  are  3  to  5  shorter  spines.  Instead  of  this  arrangement,  many 
plates  have  the  subambulacrals  nearfy  equal  and  grouped  to  form  a 
pedicellaria.  In  this  case  the  spines  are  especially  modified  and 
encircle  a  pit  in  the  plate;  jaws  usually  4  to  6.  Barely  the  2  lateral 
furrow  spines  form  part  of  the  pedicellaria,  there  being  then  only  the 
median  left.  On  some  plates  simply  the  outermost  3  or  4  spines  form 
a  small  pedicellaria.    Almost  all  possible  combinations  occur. 

Mouth  plates  narrow,  as  in  the  foregoing  species.  Spines  irregular. 
There  are  4  teeth  at  the  inner  end  of  the  combined  mouth  plates; 
marginal  spines  small,  forming  an  angular  irregular  series.  Super- 
ficial spines  forming  an  irregular  crowded  series  along  either  side  of 
the  suture,  the  outer  1  or  2  of  each  series  being  enlarged. 

Actinal  intermediate  plates  few  and  armed  with  a  fasciculate 
pedicellaria,  with  4  to  6  slender  jaws,  and  with  several  additional 
spinelets  at  the  base. 
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Madreporic  body  hemispherical,  small,  about  its  own  diameter 
distant  Arom  margin,  and  traversed  by  few  course,  irregular  striae 
parallel  to  interradial  line. 

^ype.— Cat.  No.  80514,  U.S.N.M. 

Type-locaUty. — Station  5424,  Sulu  Sea,  off  Cagayan  Island,  Caga- 
Tanes  Islands,  340  fathoms,  coral  sand,  bottom  temperature  50.4^ 
F. ;  1  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^This  form  seems  to  be  most  closely  allied  to  A.  teneUus^ 
which  it  resembles  in  having  long  rays,  superomargihal  spines  on  all 
but  the  distalmost  superomarginals,  and  rather  numerous  subambu- 
lacral  spines,  of  which  1  is  enlarged.  The  general  appearance  of 
the  two  species  is  much  alike.  It  differs  from  teneUus  in  having 
abundant  abactinal  and  adambulacral  pedicellariae,  and  pedicellariae 
on  the  superomarginal  and  inferomarginal  plates;  in  having  smaller 
paxillae,  narrower  superomarginal  plates,  less  appressed,  less  flat- 
tened, and  shorter  superomarginal  spinelets,  and  longer  and  more 
bristling  lateral  spines.  In  tenellus  there  are  usually  3  of  these, 
but  in  pediceUaris  there  are  4,  except  far  along  ray,  and  these  4  are 
nearer  of  a  size  than  in  tenellus.  The  presence  of  numerous  pedi- 
cellariae on  the  adambulacrals  alters  the  armature  of  those  particu- 
lar plates,  but  otherwise  the  arrangement  of  spines  is  much  alike. 
The  enlarged  spine  is  relatively  a  little  shorter  in  pediceUaris. 

PediceUaris  differs  from  griegi  in  the  presence  of  pediceljariae, 
which  are  entirely  lacking  in  that  species,  and,  in  addition,  in  having 
no  spine  on  the  distal  superomarginals,  and  in  having  a  compressed 
median  furrow  spine. 

From  erernicus,  pediceUaris  differs  in  having  longer  rays,  supero- 
marginal spines  and  pedicellariae,  only  3  furrow  spines,  an  en- 
larged subambulacral,  more  numerous  lateral  spines  and  abundant 
inferomarginal  pedicellariae.  From  luzonicus  it  differs  in  having 
superomarginal  spines  far  along  ray,  superomarginal  pedicellariae, 
more  abundant  abactinal  pedicellariae,  more  numerous  lateral  spines> 
pedicellariae  on  the  upper  end  of  inferomarginals,  more  numerous 
superomarginal  spines  far  along  ray,  superomarginal  pedicellariae, 
spinea  Luzonicus^  teneUus^  pediceUaris^  and  griegi  are  long-rayed 
forms;  eremicus  has  much  shorter  rays  while  retaining  the  same 
general  facies.  It  is  possible  that  teneUus^  pediceUaris^  and  griegi 
are  forms  of  the  same  species,  as  they  are  similar  in  general  appear- 
ance and  in  certain  details,  as  for  example  in  the  arrangement  of  the 
adambulacral  spines,  and  the  presence  of  an  enlarged  subambulacral 
spine.  Oriegi^  however,  lacks  pedicellariae,  and  several  other  differ- 
ences have  beem  listed  above.  It  is  not  possible  to  solve  the  question 
with  the  available  material. 
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Genus  CTENOPLEURA  Fisher. 

Ctenopleura  Fisheb,  1913a,  p.  608.    Type,  C  aatropectinidea. 

Diagnosis. — Allied  to  Astropecterij  but  differing  in  having  the 
'gonads  in  a  crowded  series  parallel  to  the  marginal  plates,  and 
extending  about  a  third  the  length  of  ray;  inferomarginal  platee 
with  a  lateral,  oblique,  compact  comb  of  3  to  5,  usually  4,  slender 
appressed  spines,  closely  resembling  the  lateral  comb  of  Perae- 
phonaster^  and  in  addition  1  to  5  flattened,  appressed  spines  <m  the 
actinal  surface;  adambulacral  plates  with  usually  4  or  6  furrow 
spines  (or,  on  the  second  and  third  plates,  sometimes  6  or  7)  in- 
stead of  3,  the  usual  number  in  Astropecten;  subambulacral  spines 
small,  none  enlarged ;  often  a  fasciculate  subambulacral  pedicellaria 
is  present;  Polian  vesicles  5.    Other  characters  as  in  Astropecten. 

Remarks. — This  genus  includes  also  Astropecten  ludwigi  de  Loriol, 
of  Japan,  in  which  the  gonads  are  arranged  in  series  extending 
about  a  third  the  length  of  the  ray.  In  Astropecten  the  gonads  form 
a  single  tuft  on  each  side  of  the  interbrachial  septum.  0.  ludwigi 
is  rather  closely  related  to  C.  astropectinides.  Both  have  the  general 
appearance  of  Astropecten^  although  the  armature  of  the  marginal 
plates  is  more  like  that  of  Persephonaster.  A  few  species  of  Astro- 
pecten  have  4  or  5  furrow  spines  proximally,  but  the  usual  number 
is  3.  Many  species  of  Astropecten  have  6  Polian  vesicles,  but  I  am 
not  certain  that  the  character  is  of  generic  value. 

The  arrangement  of  the  gonads  in  series  will  separate  Ctenopleura 
from  Leptychdster^  Bathyhiaster^  PsHaster^  BlaMaster  Astromesites^ 
Ctenophorasier,  Persephonaster^  Tritonaster^  and  Patagiaster.  The 
very  restricted  development  of  the  actinal  intermediate  plates  will 
at  once  distinguish  it  from  other  Astropectinidae  having  serially  ar- 
ranged gonads,  such  as  Anthosticte^  Tethyaster^  Thrissa/:a/nt7iias^ 
Dipsacaster^  and  Plutonaster.  The  armature  of  the  marginals  will 
separate  Ctenopleura  from  Lonchotaster  and  Ripaster  in  which  the 
gonads  are  not  described,  while  Sideriaster  and  Moiraster  are  distin- 
guished by  their  large  actinal  interradial  areas.  Among  the  more 
nearly  related  genera  some  further  differences  may  be  enumerated. 
Persephonaster  lacks  the  very  angular  astropectinoid  adambulacral 
plates  and  has  an  angular  series  of  mouth  spines  high  in  the  furrow, 
while  Blakiaster  has  pseudopaxillae  and  an  odd  interradial  series 
of  actinal  inteimediate  plates.  Thrissacanthias  differs  in  having 
an  enlarged  subambulacral  spine  and  a  less  angular  furrow  series. 
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CTBNOPLEURA  ASTROPECTINIDES  Fteber. 

Plate  16,  figs.  1,  lor-c;  plate  17,  fig.  3;  plate  18,  fig.  2. 

Ctenopleura  astropectinides  Fisheb,  1915a,  p.  608. 
Astropecten  astropectinides  DdDEBOHN,  1917,  pp.  46,  62,  166. 

Diagnosis. — ^Related  to  O.  ludwigi  (de  Loriol),^  but  differing  in 
having  longer,  narrower  rays,  shorter,  stouter,  superomarginal  spines 
confined  to  marginal  angle  of  ray,  strongly  4-lobed  abactinal  plates 
on  papular  areas,  and  fewer  uctinal  inferomarginal  spines.  R= 
129  mm.,  r=25  mm.,  E=5  r.;  breadth  of  ray  at  base,  28  mm.  Disk 
small,  rays  long,  narrow,  very  gradually  tapering  to  a  bluntly 
pointed  extremity;  abactinal  integument  thin,  paxillae,  tall,  spaced, 
bearing  a  compact  upright  group  of  10  to  15  subequal,  terete,  slender, 
blunt  spinelets  varying  from  slightly  shorter  to  slightly  longer  than 
the  cylindrical,  barrel-shaped,  or  compressed  pedicels;  superomar- 
ginals  encroaching  coni^icuously  upon  abactinal  area,  the  dorsal 
face  tumid  and  about  twice  as  wide  as  the  lateral ;  marginal  area  of 
plates  covered  with  short,  slender,  crowded  spinelets,  becoming  coarse 
roundish  granules  on  the  summit  of  median  transverse  tumidity, 
the  angle  between  lateral  and  dorsal  facets  bearing  a  transverse  series 
of  2  to  4  short  conical  spinules;  the  first  and  the  3  or  4  last  plates 
without  spinules;  inferomarginals  proximally  as  wide  as  length  of 
3,  slightly  arched  but  actinal  surface  not  at  all  strongly  beveled; 
outer  end  armed  with  oblique  comb  of  4  slender,  sometimes  slightly 
curved,  closely  placed,  appressed  spines,  the  lowest  or  next  to  lowest 
the  longest,  and  about  1.5  to  1.75  plates  in  length ;  spaced  from  these 
are  proximally  2  spaced  flattened  sharp  spines  nearly  as  long  as 
longest  lateral  spine;  general  surface  covered  with  squamiform  spine- 
lets often  spatulate  in  form ;  adambulacral  plates  with  4,  proximally 
5  or  6  (distally  sometimes  3),  rather  long,  flattened  spines,  the  lat^ 
erals  subtruncate  or  round  tipped;  subambulacral  spinelets  proxi- 
mally 12  to  16,  subequal,  slender,  often  flattened,  and  only  about  half 
as  long  as  median  furrow  spine ;  most  of  the  plates  with  a  conspicuous 
fasciculate  pedicellaria,  made  up  of  6  or  8  of  the  subambulacral 
spines. 

Description. — ^Paxillae  fairly  large,  not  crowded,  but  on  the  con- 
trary rather  spaced,  especially  on  the  disk,  and  arranged  in  slightly 
oblique  transverse  series,  5  or  6  of  which  correspond  to  the  length 
of  2  superomarginals  at  base  of  ray.  The  paxillae  are  slightly 
smaller  on  the  center  of  disk,  and  along  the  midradial  line  they  are 
often  very  strongly  compressed  and  larger  than  at  either  side.  The 
pedicel  is  rather  tall,  subcylindrical,  a  trifle  swollen  at  the  middle, 

»  A9tropecten  ludtcigi  de  Lorlol,  M4m.  soc.  phys.  et  d'hist.  nat.  G^ndve,  vol.  33,  pt.  2. 
No.  1.  p.  21.  pi.  2,  ng,  4.     (Tago,  Japan.) 
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sometimes  as  mentioned  above,  more  or  less  compressed,  so  as  to  be 
elliptical  in  cross-section.  In  the  type  the  paxillae  of  the  disk  are 
about  8  mm.  high,  including  the  tuft  of  cylindrical  spinelets,  which 
vary  from  slightly  shorter  to  slightly  longer  than  the  pedicel.  In  a 
specimen  from  station  5392  the  pedicels  on  the  disk,  except  near 
the  extreme  margin,  are  longer  than  the  spinelets.  The  larger 
paxillae  of  the  disk  have  10  to  15  subequal,  blunt,  slender  spinelets, 
usually  standing  erect  in  a  compact  group;  when  dried  the  spinelets 
become  sharper. 

The  plates  of  the  papular  area  have  a  very  characteristic  f  oim, 
which  may  be  described  as  4:-lobed,  the  2  lobes  on  the  axis  of  the 
oblique  transverse  series  being  pointed,  while  the  other  2  lobes  are 
considerably  broader  and  truncate.  The  plates  do  not  touch,  except 
sometimes  near  the  margin,  and  most  of  them  have  a  slight  sub- 
conical  or  keellike  elevation  near  or  at  the  center.  There  are  6 
papulae  around  each  plate.  Along  a  median  radial  area  (about  half 
as  wide  as  either  lateral  papular  area)  and  the  center  of  disk  the 
plates  are  irregularly  subcircular  to  broadly  elliptical  and  1.5  to 
2  times  as  broad  as  the  lobed  plates.  This  area  is  free  from  papulae, 
and  the  plates  are  spaced  one-half  to  a  littl^  more  than  their  own 
diameter.  In  C.  ludwigi  the  plates  of  the  papular  area  are  only 
slightly  or  not  at  all  lobed.  The  lobes  are  best  marked  on  the  outer 
part  of  the  ray,  the  plates  of  the  proximal  portion  being  subcircular, 
with  indications  of  4  to  6  scallops  on  the  margin. 

Superomarginal  plates,  48  or  49  in  type,  former  much  as  in  J.. 
ludwigi,^  with  a  broad  dorsal  face  passing  by  an  abrupt  rounded  angle 
into  the  lateral  face,  which  is  about  half  the  width  of  the  dorsal. 
The  exposed  surface  of  the  plate  is  decidedly  convex  along  the  me- 
dian transverse  line,  this  fact  and  the  armature  giving  the  species 
somewhat  the  appearance  of  a  Persephonaster.  The  marginal  area 
of  the  plate  is  covered  with  delicate,  blunt,  closely  placed  spinelets, 
which  decrease  in  length  toward  the  median  transverse  area,  where 
the  armature  is  in  the  form  of  coarse,  rounded  granules,  which  in- 
crease in  size  from  the  inner  edge  of  the  plate  toward  the  lateral 
angle  of  the  ray,  these  becoming  more  or  less  conical  and  sometimes 
squamiform  around  the  base  of  2  to  4  short,  conical,  stout  spinules 
which  form  a  transverse  series  or  a  group.  These  correspond 
to  the  superomarginal  spines  of  Z.  ludwigi^  but  are  more  closely 
bimched  on  the  margin  of  the  ray.  Sometimes  a  smaller,  thick, 
granuliform,  conical  spineiet  is  found  spaced  from  the  others  toward 
the  inner  margin  of  the  plate,  or  a  line  of  two  or  three  such,  espe- 
cially on  the  second  to  fourth  plates.  The  first  plate  lacks  spines. 
On  the  outer  third  of  the  ray  the  granules  cover  most  of  the  exposed 
surface,  but  as  the  middle  of  the  ray  is  approached  the  granular  area 
becomes  narrower  and  the  plates  slightly  more  tumid.    The  last  4 
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or  5  plates  seem  to  lack  spines.  A  specimen  from  station  6892  has 
usually  but  1  spine  on  the  angle  between  the  lateral  and  dorsal 
facets  of  the  plate,  except  on  the  first  2  and  last  4,  where  there 
are  none;  a  few  plates  have  2,  and  the  spinelets  are  not  so  granuli- 
form  on  the  central  area  as  in  type.  Terminal  plate  wider  than  long, 
with  a  notch  at  the  distal  and  proximal  border,  connected  by  a 
shallow  sulcus. 

Inferomarginals  in  general  similar  to  those  of  A.  ludwigi^  the 
actinal  surface  proximally  about  as  wide  as  length  of  3  plates,  the 
width  gradually  decreasing  until  distally  it  equals  length  of  2  plates. 
The  rounded  outer  end  of  the  plate  bears,  as  in  ludwigi,  an  oblique 
appressed  vertical  comb  of  4  closely  placed,  slender,  sharp,  slightly 
flattened  spines,  the  lowest  or  sometimes  the  next  to  lowest  the  longest 
and  a  little  over  one  and  a  half  plates  in  length,  the  uppermost  about 
half  to  two-thirds  as  long.  This  comb  is  precisely  similar  to  the 
lateral  comb  of  Persephonaster.  On  the  actinal  surface  of  the  plate 
and  near  the  aboral  margin,  well  spaced  from  the  lateral  comb,  are 
proximally  2  flattened,  appressed,  sharp,  well-spaced  spines,  varying 
from  two-thirds  to  three-fourths  the  length  of  the  longest  lateral 
spine.  On  the  outer  half  of  the  ray  there  is  one  only,  about  halfway 
between  the  inner  end  of  the  plate  and  the  lower  end  of  lateral  comb. 
In  one  of  the  specimens  from  station  5392  there  is  but  one  actinal 
spine  throughout  the  ray.  The  surface  of  the  plate  is  covered  with 
obovate  spatulate  squamules,  usually  round  tipped,  but  becoming 
pointed  at  the  base  of  the  lateral  comb. 

Actinal  intermediate  plates  extending  to  the  fourth  inf eromarginal 
in  type,  there  being  7  or  8  plates  in  a  single  row  on  each  ray.  The 
plates  are  covered  with  slender  papilliform  spinelets  and  1  to  4  in 
each  series  has  a  central  lanceolate  appressed  spinule.  Occasionally 
the  proximal  plate  bears  a  fasciculate  spiniform  pediceUaria. 

Adambulacral  armature  very  similar  to  that  of  C.  ludwigi.  Plates 
wider  than  long,  placed  obliquely,  and  with  a  salient  furrow  angle, 
bearing  usually  4  strongly  flattened  furrow  spines,  the  median 
tapering  slightly  and  with  its  edge  to  the  furrow,  but  the  later- 
als truncate,  and  usually  decidedly  broader  at  the  apex  than  base. 
The  second  to  eighth  plates  are  fewer,  have  5  furrow  spines, 
and  in  1  specimen  occasionally  6.  Most  of  the  plates  of  the  type 
have  4  furrow  spines,  the  laterals  successively  slightly  shorter 
than  the  median.  When  there  are  4  spines,  1  lateral  is  aboral 
to  the  apex  spine  and  2  adoral.  On  the  outer  third  of  the  ray 
the  adoral  spine  sometimes  stands  slightly  back  from  the  margin, 
leaving  8.  In  a  specimen  from  station  6392  rather  more  of  the 
proximal  plates  have  5  or  6  furrow  spines  than  in  the  type.  Sub- 
ambulacral  spinelets  subequal,  slender,  proximally  12  to  16  (excep- 
tionally a  few  more)  and  distally  8  or  10,  varying  slightly  on  either 
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side  of  these  extremes.  They  are  about  half  as  long  as  the  median 
furrow  spines,  flattened  and  subtruncate  proximally  (especially  on 
the  inner  part  of  plate),  becoming  terete  and  blunt  distally.  The 
spinelets  are  about  the  size  of  those  of  the  actinal  intermediate  plates, 
and  do  not  form  regular  series,  although  sometimes  an  indistinct 
arrangement  in  2  longitudinal  series  is  observable.  As  in  J.,  ludwigu 
there  are  no  enlarged  subambulacral  spines,  but  on  the  aboral  side 
of  most  of  the  plates  is  a  conspicuous  fasciculate  pedicellaria,  with 

6  to  8  papilliform,  subtruncate,  blunt,  or  pointed  jaws,  forming  a 
subcircular  group  surrounding  a  depression  in  the  plate.  On  the 
out^r  part  of  the  ray  numerous  plates  lack  the  pedicellaria.  Prox- 
imally some  of  the  spinelets  constituting  the  pedicellaria  are  broad- 
ened and  grooved  at  the  tip.  The  form  of  the  spinelets  is  rather 
variable,  however,  some  being  tapered  and  bluntly  pointed.  In  the 
3  specimens  of  G.  ludwigi  which  I  have  examined,  the  largest  with 

B,  103  mm.,  the  subambulacral  pedicellariae  are  similar  to  those  of 

C.  astropeotimdes^  except  that  the  spinelets  are  a  little  more  uni- 
formly slender  and  pointed.  The  first  plate  is  very  strongly  com- 
pressed and  much  wider  than  the  others,  bearing  a  closely  placed 
double  series  of  80,  or  even  more,  slender,  blunt  spinelets,  having 
the  appearance  of  an  immense  pectinate  pedicellaria.  Usually  only 
1  is  slightly  enlarged  on  the  furrow. 

Combined  mouth  plates  rather  long  and  narrow,  encroaching  con- 
spicuously upon  actinostome  and  with  a  flaring  marginal  series  of 

7  or  8  slightly  flattened  round-tipped  spines,  which  increase  at  first 
slightly,  then  rapidly,  toward  the  inner  heavy  tooth,  which  is  subterete, 
or  slightly  compressed.  The  surface  of  the  plate  is  occupied  by  2 
crowded  rows  of  about  18  spines,  those  near  the  inner  half  of  the 
plate  similar  in  form  to  the  teeth  though  a  trifle  smaller.  On  the 
outer  half  of  the  plate  the  spines  adjacent  to  median  suture  increase 
in  length  and  assume  a  lanceolate  form,  while  the  spines  of  the  other 
parallel  series  usually  decrease  markedly  in  length,  so  that  at  the 
outer  end  of  the  plate  there  is  but  1  conspicuous  series  of  spines. 
Sometimes  these  superficial  spines  are  subspatulate.  The  lateral 
carries  a  series  of  small,  spaced,  slender  spindets,  much  smaller  than 
those  of  the  adjacent  first  adambulacral. 

Madreporic  body  small,  very  convex,  with  irregular  striae,  and 
situated  about  midway  between  the  center  and  margin  of  disk. 

Color  in  alcohol,  rather  dark  brown. 

Anatomical  notes. — Gonads  in  numerous  closely  crowded  tufts 
attached  to  the  genital  stolon,  and  extending  about  one-third  the 
length  of  the  ray,  close  to  the  marginal  plates.  Each  genital  tube 
is  either  simple  or  with  a  few  branches.  Intestinal  coecum  spacious, 
saclike,  in  3  unequal  lobes,  one  of  which  being  partly  divided  gives 
the  appearance  of  4.    The  form  is  very  nearly  the  butterfly  shape    | 
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characteristic  of  Persephonaater.  Anal  aperture  very  small.  Polian 
vesicles  5.  Stomach  spacious,  filled  with  gastropods.  Hepatic  coeca 
slender,  extending  about  half  the  length  of  ray.  Superambulacral 
plates  slender  and  rather  long;  lower  end  of  ambulacral  ossicles,  with 
a  broad  flange  distally,  overlying  part  of  a  triangular  adoral  flange. 
Along  the  ambulacral  ridge  between  each  pair  of  plates  is  a  sac- 
like depression  resembling  an  opening  into  a  cavity  beneath,  but 
apparently  there  is  no  connection  with  the  underlying  spaces.  Blind 
tubes  lead  out  from  the  coelom  between  the  marginal  plates,  as  in 
PersepJhonaater^  at  the  point  of  junction  of  4  plates. 

Type.—CdX.  No.  80515,  U.S.N.M. 

Type'locality. — Station  5520,  4.5  miles  southwest  of  Point  Tagolo 
Light,  north  coast  of  Mindanao,  102  fathoms,  bottom  temperature 
61.3''  F. ;  1  specimen. 

Distribution. — ^Between  Samar  and  Masbate,  south  to  the  north 
coast  of  Mindanao,  102  to  135  fathoms,  green  mud  and  sand. 

Specimens  examined. — In  addition  to  the  type,  2  from  station  5392, 
between  Samar  and  Masbate,  135  fathoms,  green  mud,  sand. 

Remarks. — ^This  species  differs  from  C.  hidwigi  in  having  the  rays 
longer,  relatively  narrower  at  the  base,  but  tapering  only  very  slightly 
until  near  the  tip,  so  that  they  are  of  a  different  form.  In  ludwigi 
the  rays  taper  evenly  from  the  base  to  a  pointed  eirtremity,  and  K 
equals  4  r,  or  less  in  small  specimens.  In  C.  astropectinides  B  equals 
5  to  5.5  r.  C.  astropectinides  differs  further  in  having  shorter, 
stouter,  superomarginal  spines,  on  the  marginal  angle  of  the  ray 
only,  not  across  the  dorsal  facet  of  the  plate,  as  in  ludwigi;  in  having 
the  abactinal  plates  of  the  papular  areas  strongly  4-lobed;  in  having 
proximally  fewer  actinal  inferomarginal  spines  in  addition  to  the 
lateral  comb  (3  to  5  in  ludwigi) ;  the  actinal  intermediate  plates  of 
ludwigi  are  less  symmetrical,  there  bei;ig  often  in  large  specimens 
1  out  of  place  behind  the  mouth  plates,  simulating  an  odd  actinal 
intermediate  plate;  the  furrow  spines  are  stouter  and  broader  at 
the  tip  in  astropectinides.  Apparently  the  subambulacral  pedicel- 
lariae  are  variable  in  occurrence  in  ludwigi.  In  the  3  specimens 
which  I  have  examined  they  are  abundant,  but  in  a  figure  sent  by 
Dr.  S.  Goto  they  are  not  shown  except  on  the  first  plate. 

Genus  CTENOPHORASTER  Fisher. 
Ctenophorasier  Fisheb,  1906,  p.  1014.    Type,  C.  ?Mioaiiensi$  Fisher. 

CTENOPHORASTER  DIPLOCTENIUS  Fteber. 

Plate  12,  fig.  4 ;  plate  16,  figs.  2,  2aro ;  plate  17,  fig.  2 ;  plate  18,  fig.  1. 

Ctenophorasier  diploctenius  Fisher,  1913a,  p.  609. 

Diagnosis. — ^Bays  5,  R=106  mm.,  r=15  mm.,  R=7  r;  breadth 
of  ray  at  base  18  or  19  mm.    Very  closely  resembling  C.  Jiawaiiensis 
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in  general  appearance,  but  differing  in  having  no  median  radial  area 
of  smaller  irregularly  arranged  paxillae;  in  having  the  paxillae  in 
regular  curved  transverse  series  on  rays,  with  fewer  paxillae  to  the 
series  than  in  hawaiieims;  in  having  finer  superomarginal  spinelets 
and  more  numerous  minute  superomarginal  fasciculate  pedicellariae; 
in  having  slenderer  and  fewer  inferomarginal  spines,  arranged  in  2 
oblique  arcuate  lateral  series,  and  1  transverse  actinal  series  (not 
3  and  2,  respectively,  as  in  hawaiiensis) ;  in  having  tiny  inferomar- 
ginal and  numerous  prominent  actinal  intermediate  and  subambu- 
lacral  fasciculate  pedicellariae;  in  having  fewer  subambulacral  spines 
and  prominent  central  spines  to  the  actinal  interradial  plates. 

Description. — ^The  general  form  and  proportions  are  like  those  of 
hofwaiiensis  and  the  abactinal  surface  has  much  the  same  appear- 
ance, except  that  the  paxillae  are  more  regularly  and  compactly 
arranged,  and  along  the  median  line  of  the  ray  there  is  no  well- 
defined  stripe  of  small  and  irregularly  arranged  paxillae,  as  shown 
in  plate  5,  figure  2,  Fisher,  1906.  Instead  the  median  radial  paxillae 
are  distinctly  larger  and  fewer,  and  the  paxillae  of  rays  form  slightly 
curved  transverse  rows,  which  continue  iminterrupted  across  the 
radial  area.  At  the  base  of  the  ray  about  5  of  these  correspond  to 
2  superomarginals,  and  opposite  the  fourth  superomarginal  a  trans- 
verse series  contains  about  16  paxillae,  while  in  hawaUenaiB  there  are 
about  22.  The  paxillae  of  disk  are  larger  than  those  of  the  rays, 
and,  as  in  JioAJoaiiensia^  are  very  close  set.  The  general  form  of  the 
paxillae  is  alike  in  the  two  species,  but  in  diploctenvus  the  spinelets 
are  more  delicate.  A  typical  paxilla  from  the  proximal  portion  of 
ray  has  12  to  15  peripheral  and  5  to  7  central,  terete,  round-tipped  or 
subcapitate  spinelets,  while  a  large  paxilla  from  the  interradial  re- 
gions of  disk  has  20  peripheral  and  15  spaced  central  spinelets. 
Many  of  the  paxillae  bear, a  small  central  fasciculate  pedicellaria 
with  4  or  5  practically  unmodified,  paxillar  spinelets  for  jaws.  They 
surround  a  hole  in  the  tabulum.  I  have  not  been  able  to  find  them 
m  hawaiiensis. 

The  abactinal  plates,  or  bases  of  paxillae,  as  seen  from  the  coelomic 
surface,  are  much  longer  than  wide  and  very  regularly  arranged  in 
transverse  series.  The  shape,  arrangement,  and  size  are  shown  bj 
the  figure  (pi.  16,  fig.  2).  Unlike  hawaiiensis^  diploctenius  has  ovei 
most  of  the  ray  a  very  regular,  median  radial  series  of  elongato 
plates,  accompanied  by  very  small  secondary  plates,  which  externally 
have  tabula  and  spinelets  but  are  quite  inconspicuous  between  tho 
large  paxillae  and  do  not  interrupt  their  regularity.  Sometimes  2 
consecutive  radial  plates  are  separated  by  a  small  secondary  plate. 
Papulae  are  absent  from  this  radial  stripe  and  center  of  di^;  else- 
where they  occur  very  regularly  in  sixes  about  each  plate. 
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Superomarginal  plates,  53  to  a  ray,  are  oriented  a  little  more 
obliquely  than  in  hawcdiensis  and  are  separated  by  deep  fascioles, 
lined  with  fine  spinelets.  As  in  hawaiiensisj  they  form  a  rounded 
margin  to  the  abactinal  surface,  encroach  conspicuously  upon  abac- 
iinal  area  and  are  practically  abactinal  in  position,  except  in  the 
interbrachia,  being  much  wider  than  high  on  the  rays.  The  surface 
of  the  plate  is  covered  with  a  nap  of  delicate,  blunt  spinelets,  short 
on  the  exposed  surface,  becoming  rather  abruptly  longer  around  the 
margins.  They  are  more  delicate  than  in  hawaiiensia  and  are  not 
enlarged  at  the  outer  end  of  the  plate  as  in  that  species.  (Fisher, 
1906,  pi.  3,  fig.  la.)  A  majority  of  the  plates  have  a  small  fascicu- 
late pedicellaria  in  the  outer  or  lateral  side  and  near  the  aboral 
margin,  consisting  of  3  to  6  small  spinelets  a  little  more  tapered, 
but  not  longer  than  the  surrounding  spinelets.  These  pedicellariae 
are  often  hidden  by  the  ends  of  the  inferomarginal  spines.  Barely 
a  similar,  though  coarser,  pedicellaria  occurs  in  C.  hawcdiensis^ 
usually  hidden  by  the  ends  of  the  inferomarginal  spines.  I  over- 
looked these  in  the  original  description,  as  they  are  diflScult  to  deter- 
mine unless  the  specimen  is  dry. 

The  terminal  plate  is  longer  in  proportion  to  width  than  in 
hawoHensis. 

Inferomarginals  corresponding  to  the  superomarginals  and  extend- 
ing laterally  slightly  beyond  them.  They  are  short  and  wide,  with 
the  same  type  of  armature  as  in  hawaiiensisy  but,  generally  speaking, 
the  primary  spines  are  more  delicate  and  fewer  and  the  thorny 
hooked  tips  less  conspicuous.  At  the  outer  end  of  the  plate  in 
hawcdiensis  there  are  3  oblique,  concentric,  arcuate  series  of  spines, 
the  outer  overlapping  and  covering  the  inner  two  (Fisher,  1906, 
pL  3,  figs,  la,  Ic).  The  innermost  series  has  3  to  5  spines  (in  hawaii- 
ensis),  the  middle  6  to  8,  and  the  outer  series  proximally  8  or  9,  and 
distally  5  to  7.  In  diploctenius  these  niunbers  are :  Inner  series,  not 
present;  middle  series,  proximally  5,  distally  3  or  4;  outer  series, 
proximally  5  to  7,  distally  3  to  6.  On  the  ventral  surface  of  the  plate, 
in  hawcdiensis^  there  is  a  series  of  5  to  8  stout,  unequal,  flattened 
spines  continuing  the  outermost  lateral  series  to  the  inner  end  of 
plate.  These  overlie  6  or  more  smaller  and  more  delicate  spinules, 
which  represent  a  continuation  of  the  innermost  lateral  series.  In 
diploctenius  the  first  of  these  series  has  5  or  6  more  delicate  spines, 
proximally,  and  2  or  3  distally,  situated  nearer  the  aboral  margin 
than  in  hawcdiensis.  The  second  series  is  not  present.  In  front  of — 
that  is,  adoral  to — ^the  outer  row  of  lateral  spines  and  its  actinal  con- 
tinuation are  numerous  slender,  flattened  accessory  spinules,  tipped 
as  the  big  spines  and  forming  about  the  base  of  each  spine  a  curved 
series  of  4  or  5.     The  primary  spines  are  all  slenderer  than  in 
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hawaiiensisj  tapered,  slightly  curved,  and  with  the  characteristic 
thorny  tip  of  Jiawaiiensis^  only  more  delicate.  The  second  or  third 
lateral  spine  from  the  upper  end  is  the  longest,  equaling  in  length 

2  superomarginals.  The  underlying  spines  of  the  second  lateral 
series  are  about  as  long,  but  more  delicate.  All  are  closely  appressed 
to  the  side  of  the  ray.  The  rest  of  the  plate  is  covered  with  ter^ 
round-tipped  spinelets  similar  to  those  of  hawaiiensis.  On  the  me- 
dian line  at  the  inner  end  of  most  of  the  inferomarginals  of  ha- 
waiiensis is  an  enlarged  spinule,  which  does  not  form  a  part  of  the 
transverse  series.  This  is  only  rarely  present  in  diploctemvs.  At 
about  the  middle  of  the  actinal  surface  of  a  majority  of  the  plates  of 
diploctenius  is  a  fascicular  pedicellaria  formed  of  several  unmodified 
spinelets.  I  have  not  been  able  to  find  these  in  hawaiiensis.  A  p<Nr- 
tion  of  the  description  of  the  inferomarginals  of  hawaiiensis  needs 
modification.  It  is  stated  (Fisher,  1906,  p.  1015)  that  the  actinal 
inferomarginal  spines  are  blunt;  they  so  appear  in  alcoholic  speci- 
mens, but  when  dried  the  tips  are  thorny  and  as  in  plate  3,  fig.  IJ 
(ibidem).  The  curious  hooked  tips  of  the  inferomarginal  spines 
and  spinules  seem  to  be  generic,  but  the  membrane  hides  the  hooks 
in  the  case  of  the  actinal  spines. 

Adambulacral  plates  with  fewer  subambulacral  spines  than  in 
h/iwaiiensis  and  with  frequent  fasciculate  subambulacral  pedicellariae. 
Furrow  spines  3,  blunt,  long,  slender,  and  compressed,  the  median 
the  most.     Subambulacral  spines  often  in  2  longitudinal  series  of 

3  each,  with  1  to  3  shorter  spines  on  the  outer  part  of  plate;  or 
proximally  the  outer  series,  and  sometimes  also  the  inner,  may  have 

4  spines.  These  are  all  tapering,  slender,  and  blunt,  those  of  inner 
row  a  little  longer  than  furrow  spines.  The  pedicellariae  are  of 
frequent  occurrence  and  usually  stand  on  the  aboral  inner  comer 
of  the  plate.  Each  consists  of  about  5  tapering  spines  surrounding 
a  pit  in  the  plate.  The  aboral  spine  of  the  first  actinal  series  some- 
times stands  on  the  furrow  margin.  This  is  regularly  the  case  in 
hawaiiensis  so  that  there  appears  to  be  4  furrow  spines,  or  6  when 
the  adoral  member  moves  also  to  the  margin.  The  actual  number  of 
furrow  spines  is  only  3  in  both  species.  First  adambulacral  plate 
compressed  with  about  16  spines  in  2  transverse  series. 

Mouth  plates  densely  covered  with  spines,  the  armature  being 
similar  to  that  of  hawaiiensis.  At  inner  end  of  plate  are  4  heavy, 
blunt  teeth  forming  a  perpendicular  comb  (a  part  of  the  superficial 
series),  which  is  continued  to  the  outer  end  of  the  narrow  plates, 
adjacent  to  median  suture  in  about  a  dozen  more,  much  slenderer, 
tapering,  blunt  spines,  which  become  smaller  as  they  approach  the 
outer  end  of  the  plate.    The  actual  marginal  spines  are  small  and 
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form  an  angular  series  deep  in  the  actinostome  and  between  these 
and  the  superficial  spines  are  2  or  3  irregular  series  of  intermediate 
spines. 

Actinal  intermediate  plates  extending  in  a  single  series  to  within 
8  inferomarginal  plates  of  the  tip  of  ray  and  in  a  double  series  only 
as  far  as  third.  Back  of  the  mouth  plates  and  corresponding  to  them 
is  a  pair  of  intermediate  plates,  but  between  these  and  the  margin 
is  an  odd  interradial  series  of  plates  meeting  the  suture  between  the 
two  first  inferomarginals,  as  in  Blakiaater^  Leptychaater^  and  several 
other  Astropectinidae.  Exclusive  of  the  plates  immediately  adjacent 
to  the  adambulacrals,  each  interradius  has  17  intermediate  plates. 
A  majority  of  those  adjacent  to  inferomarginals,  both  on  rays  and 
disk,  bear  a  prominent  fasciculate  pedicellaria  witt  6  or  more  taper- 
ing, slender  spiniform  jaws,  surrounding  a  deep  central  pit  in  the 
plate.  These  are  surrounded  by  a  number  of  divergent  spinelets 
like  the  calyx  of  a  flower,  the  whole  forming  an  ornate,  paxillalike 
structure.  The  other  interradial  plates  bear  a  long  slender  central 
spine,  surrounded  by  numerous  shorter  spinelets,  resembling  those 
of  the  general  surface  of  inferomarginal  plates.  The  intermediate 
plates  all  have  fairly  high  tabula.  A  few  of  the  intermediate  plates 
of  hayoaiiensia  have  an  inconspicuous  pedicellaria  with  about  5 
spiniform  jaws  on  one  side  of  tabulum,  not  a  prominent  central  one 
involving  the  central  spinelets  of  the  plate,  as  in  diploctenius. 

Madreporic  body  small  pentagonal,  situated  about  twice  its  diam- 
eter from  marginal  plates  and  traversed  by  fine  striae  proceeding 
from  the  middle  of  the  adcentral  side. 

Color  in  alcohol,  dark  brown;  dried,  sepia  brown. 

Type.— Cs,t.  No.  30516,  U.S.N.M. 

Type-locality. — Station  5272,  China  Sea,  vicinity  of  southern 
Luzon  (lat.  14°  N.;  long.  120°  22'  30"  E.),  118  fathoms,  mud,  shells, 
coral  sand,  bottom  temperature  57.4°  F. ;  1  specimen. 

Distribution, — Known  only  from  type-locality. 

Bemarks. — The  foregoing  diagnosis  and  description  has  com- 
pared this  form  with  the  only  other  known  species  of  the  genus.  It 
is  interesting  to  note  how  closely  the  two  forms  have  followed  the 
same  type  of  structure  while  differing  in  nearly  every  detail.  At 
first  glance  the  two  seem  to  be  the  same,  but  such  is  undoubtedly 
not  the  case. 

This  species  is  another  instance  of  the  general  similarity  of  the 
Hawaiian  and  East  Indian  f  aimas. 
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Genus  PSILASTER  Sladen. 

Psilaster  Sladen,  Narr.  ChalL  Exp.,  voL  1, 1885,  p.  611.    Type,  Astropecten 

andromeda  Mtiller  and  Troschel. 
Phidiaater  Koehleb,  1909,  p.  28.    Type,  Phidiaster  agasHzi  Koehler. 

PSILASTER  GOTOI  Usher. 

Plate  16,  figs.  3,  Sor-h ;  plate  20,  fig.  3 ;  plate  21,  fig.  1 ;  plate  30,  fig.  4 ;  plate  % 

fig.  3. 

PsUaater  gotoi    Fisheb,  1918a,  p.  609. 

Diagnosis. — Bays  5.  R=58  mm.,  r=14:  mm.,  R=4.1  r;  breadth 
of  ray  at  middle  of  interbrachium,  16  mm. ;  at  third  superomarginaL 
13.5  mm.;  height  of  combined  marginal  plates  at  middle  of  inter- 
brachium, 7.5  mm. ;  at  middle  of  fourth  superomarginal,  6.5  mmu  Disk 
fairly  large,  rays  evenly  tapered  to  a  pointed  extremity ;  interbrachia 
about  90°,  rounded;  superomarginals  with  a  single  row  of  prominent 
appressed  spines  extending  nearly  to  tip  of  ray;  inferomarginals 
with  2  series,  one  near  the  upper  end  of  the  plates  and  the  other 
near  the  lower;  adambulacral  plates  with  7  or  8  furrow  spines 
proximally,  and  about  10  subambulacral  spines  in  2  series;  mouth 
plates  with  horizontal  fan  of  4  prominent  teeth.  Differs  from 
Ps.  agaadzi  Koehler  in  having  only  1  superomarginal  series  of 
spines,  no  well-defined  central  naked  area  on  inferomarginals,  and 
in  having  the  superomarginals  less  conspicuous  dorsally,  and  the 
inferomarginals  practically  confined  to  the  sloping  side  wall  of  ray; 
furrow  spines  slightly  more  numerous. 

Description, — Paxillae  in  slightly  oblique  transverse  series,  meet- 
ing a  circular  area  (extending  as  far  as  madreporic  body)  of  did: 
and  a  narrow  radial  area  of  the  proximal  half  of  ray  where  the 
plates  are  without  regularity  and  closer  together,  owing  to  the  ab- 
sence there  of  papulae.  The  largest  paxillae  are  on  the  outer  part 
of  this  circular  area  and  its  stellate  radial  extensions,  and  they 
decrease  in  size  toward  the  center  of  disk  and  margin  and  along 
the  rays  both  toward  margin  and  extremity.  In  center  of  disk  is  an 
epiproctal  cone  with  minute  paxillae,  and  a  tiny  anal  aperture. 
At  base  of  ray  6  transverse  rows  of  paxillae  correspond  to  2  supero- 
marginajs,  and  between  the  second  and  third  superomarginals  about 
21  paxillae  can  be  counted  across  the  ray  to  a  corresponding  point 
on  tliC  other  side.  The  paxillae  are  flat-topped  and  the  largest 
contain  15  to  20  cylindrical,  very  truncate  spinelets,  jammed  to- 
gether so  that  there  is  no  clear  distinction  between  a  peripheral 
series  and  central  group.  Some  of  the  peripheral  spinelets  are  here 
and  there  notably  slenderer,  especially  in  a  smaller  specimen  from 
station  5470,  where  the  spinelets  are  not  so  crowded.  A  paxilla 
at  base  of  ray  has  8  to  18  spinelets  according  to  whether  it  is  near 
the  margin  or  radius;  on  the  outer  fourth  of  ray,  5  to  8  spinelets. 
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Superomarginal  plates,  33  or  34  to  a  ray,  are  massive  and  con- 
fined to  side  of  disk  in  interbrachia,  but  the  upper  end  soon  widens, 
and  the  plates  become  lower,  so  that  the  lateral  face  about  equals 
the  dorsal,  there  being  no  sharp  angle  between  the  two  for  the  plates 
form  a  rounded  edge  to  the  ray.  The  lateral  face  of  the  supero- 
marginals  is  not  vertical  but  sloping  so  that  outside  of  the  inter- 
brachia the  whole  width  of  the  plate  can  be  seen  when  viewed  from 
above.  All  except  the  last  5  to  10  plates  bear  a  stout,  flattened, 
sharp  spine  equal  in  length  to  1.5  or  2  plates.  In  the  interbrachia 
this  is  situated  at  the  eictreme  upper  end  of  the  plate,  and  gradually 
recedes  from  the 'inner  edge  as  the  width  of  the  dorsal  face  in- 
creases, keeping  on  the  roimded  angle  between  the  latter  and  the 
lateral  face.  This  spine  is  bent  toward  the  end  of  the  ray  and 
usually  appressed,  except  in  interbrachia.  The  surface  of  the  plate 
is  covered  with  flat,  large,  squamiform  granules  with  a  polygonal 
or  broadly  leaf -shaped  contour,  the  free  edge  turned  upward  on  the 
lateral  face  of  plate  and.distad  on  the  dorsal,  where  the  granules 
are  largest.  These  are  transformed  into  pulpy  spatulate  spinelets 
on  the  edge  of  the  plate  and  finally  in  the  narrow  abrupt  fasciolar 
grooves  they  become  capillary.  The  base  of  the  spine  is  surrounded 
by  a  smaU  bare  space,  except  at  the  base  of  the  ray,  but  it  is  less 
extensive  than  in  PaUater  agasaizL 

Terminal  plate  about  as  long  as  wide,  with  a  notch  on  the  prox- 
imal border,  and  with  3  stout  sharp  terminal  spines,  1  dorsal  and 
2  lateral. 

Inferomarginal  plates  confined  to  side  wall  of  ray,  except  on  outer 
fourth,  forming  a  steeply  sloping  wall,  their  upper  end  projecting 
slightly  laterally  beyond  the  superomarginals.  Except  the  first  3 
plates,  they  are  one-third  to  one-half  higher  than  the  superomar- 
ginals to  which  they  correspond  exactly.  The  first  and  sometimes 
the  second  plate  bears  at  the  lower  end  a  single  flattened  shai^ 
appressed  spine  pointed  upward.  The  others,  except  the  last  6  or 
10  plates  (which  also  have  only  the  lower  spine)  have  2  such  ap- 
pressed spines,  one  neax  the  upper  and  one  near  the  lower  end,  and, 
proximally,  near  the  median  line  but  soon  moving  to  the  distal 
margin.  These  spines  are  very  robust,  the  upper  being  about  as 
long  as  the  height  of  plate  and  the  lower  about  three-fourths  as 
large.  The  granules  covering  the  plate  are  very  flat  and  squami- 
form, broadly  leafshaped  and  directed  upward.  On  the  median 
transverse  area  of  the  plate  they  are  rather  sparse,  but  there  is  no 
well-defined  naked  area.  These  squamiform  papillae  are  invested 
with  membrane  like  the  superomarginal  squamules  but  are  not  so 
pulpy  as  the  actinal  spinelets. 

13434— Bull.  100—19 
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Actinal  intermediate  plates  extend  in  a  single  series  three-fourths 
the  length  of  ray  or  to  within  13  inferomarginals  of  the  tip^  in  2 
series  not  quite  half,  and  in  3  only  to  the  fifth  inferomarginaL 
There  is  no  unpaired  interradial  series  of  plates  except  near  the 
margin  where  1  or  2  plates  are  interradial ;  these  are  met  by  paired 
series  from  the  mouth  plates  or  first  adambulacrals.  Or  "there  may 
be  an  unpaired  plate  behind  the  combined  mouth  plates  and  another, 
widely  separated,  near  the  margin.  The  plates  bear  coordinated 
groups  of  5  to  10  short  pulpy  spatulate  or  clavate  papillae,  borne 
on  low  tabula,  and  are  separated  into  series  by  channels  running 
from  the  interadambulacral  sutures  to  the  margin. 

Adambulacral  plates  with  strongly  angulac  furrow  margins,  of 
which  the  aboral  facet  is  slightly  the  larger.  Furrow  spines  7  or 
8  proximally  and  6  or  7  distally.  They  form  a  palmate  series,  the 
median  the  longest,  and  compressed  with  edge  to  furrow;  the 
laterals  with  the  surface  to  furrow.  All  are  blunt  .with  a  slight 
membranous  swelling  at  tip.  The  aboral  member  is  often  trun- 
cate. The  subambulacrals  are  shorter,  pulpy,  clavate,  or  inverted- 
clavate,  similar  to  the  spinelets  of  the  actinal  intermediate  plates. 
The  calcareous  spine  is  also  club-shaped.  They  are  usually  arranged 
in  2  longitudinal  series  with  about  5  spines  in  each.  The  first 
and  second  plates  are  much  compressed,  the  first  bears  about  20 
spines  in  2  closely  appressed  transverse  series. 

Mouth  plates  much  compressed  and  prominent  actinally,  the 
combined  pair  a  little  over  twice  as  long  as  wide  with  a  wide  median 
suture  of  nearly  uniform  breadth  throughout.  Armature  (1)  at 
the  inner  angle  of  each  plate  a  large  oblong  or  oval  leaflike  tooth 
with  a  smaller  one  at  the  side  sometimes  nearly  as  long;  (2)  a  mar- 
ginal series  of  about  12  small  strap-shaped  truncate  or  round-tipped 
spines  extending  three-fourths  the  distance  to  outer  end  of  plate, 
and  appressed  against  a  series  of  about  12  heavier,  often  clavate, 
but  stubby  spines,  following  the  border  of  the  suture.  Except  for 
the  inner  teeth  each  mouth  plate  resembles  an  enlarged  first  adam- 
bulacral. 

Madreporic  body  small,  a  little  nearer  margin  than  center,  and 
traversed  by  coarse  striae. 

Type.— Csit  No.  30517,  U.S.N.M. 

Type-locality. — Station  5468,  Lagonoy  Gulf,  southeastern  Luzon, 
569  fathoms,  green  mud ;  one  specimen. 

Distribution. — Known  only  from  Lagonoy  Gulf,  off  southeastern 
Luzon,  560  to  569  fathoms. 

Specirnens  examined. — ^Three;  one  from  type-locality  and  one 
from  each  of  the  following  stations : 

Station  5460,  Lagonoy  Gulf,  565  fathoms,  gray  mud. 

Station  5470,  Lagonoy  Gulf,  560  fathoms,  mud. 
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J^emarks.— This  species  is  related  to  Ps.  agassizi  (Bay  of  Bengal, 
888  to  980  fathoms),  in  so  far  as  it  comes  within  the  restricted  genus 
PTddiaster  Koehler.  It  differs  from  agassiei  in  having  a  single  se- 
ries of  superomarginal  spines,  the  inner  series  of  agassizi  being 
absent.  The  superomarginals  do  not  encroach  so  conspicuously  upon 
the  abactinal  surface  as  in  agassizi^  and  the  inf eromarginals  are  prac- 
tically confined  to  the  side  wall  of  the  ray  and  do  not,  as  in  agassizij 
form  a  border  to  the  actinal  area.  The  inferomarginal  spines  are 
larger,  the  spinelets  more  squamiform,  there  is  no  well-defined  cen- 
tral naked  area  on  the  inferomarginal  plates,  and  the  furrow  spines 
are  more  numerous  in  gotoi. 

This  species  is  named  for  Dr.  Seitaro  Goto,  of  the  Imperial  Uni- 
versity, Tokyo,  author  of  a  valuable  monograph  on  the  starfishes  of 
Japan. 

PSILASTER  ROBUSTUS  Fisher. 

Plate  16,  figs.  4,  4a ;  plate  20,  fig.  1 ;  plate  21,  fig.  3 ;  plate  30,  fig.  3. 
PHUuter  robustus  Fishes,  1913a,  p.  610. 

Diagnosis. — ^Rays  5.  R=30  mm.,  r=9.5  mm.,  E=3.15  r.;  breadth 
of  ray  at  base,  12  mm. ;  height  of  combined  marginal  plates  at  middle 
of  interbrachium,  6  mm.;  disk  large,  rays  stout  and  short,  evenly 
tapered;  superomarginal  plates  very  massive,  encroaching  conspicu- 
ously upon  paxillar  area,  than  which  they  are  wider  at  middle  of 
ray;  paxillae  small,  spaced;  one  series  of  superomarginal  spines;  one 
series  of  lateral  inferomarginal  spines  and  an  incomplete  second 
(ventral)  series  at  base  of  ray ;  marginal  plates  covered  with  squa- 
mules  and  without  naked  areas;  furrow  spines  6  to  7.  Differing 
from  Ps.  gotoi  in  having  much  n^ore  massive  superomarginals,  which 
encroach  more  upon  paxillar  area,  smaller  paxillae,  thicker  terminal 
plate,  only  1  complete  series  of  inferomarginal  spines,  shorter  and 
more  globose  suboral  spines,  slightly  shorter  adambulacral  spines, 
and  a  thicker,  more  robust  form. 

Description. — Paxillar  area  sunken  below  the  level  of  the  broad, 
tumid,  superomarginal  border,  nearly  plane  except  for  a  very  promi- 
nent epiproctal  cone.  Paxillae  rather  small  and  spaced  so  that  they 
lack  the  compact  appearance  of  those  of  gotoi.  Except  for  a  stellate 
area,  comprising  center  of  disk,  and  the  basal  radial  portion  of  ray, 
the  paxillae  are  arranged  in  slightly  oblique  transverse  series,  which 
on  the  ray  are  scarcely  interrupted  at  the  radial  line  and  therefore 
form  complete  slightly  curved  transverse  rows,  about  6  correspond- 
ing to  2  superomarginals  at  the  base  of  ray.  I^he  general  appearance 
of  the  paxillae  is  very  similar  to  that  of  gotoi,  the  largest,  in  the 
interradial  portions  of  disk,  having  about  12  coordinated  close-set 
spinelets,  a  peripheral  one  being  here  and  there  smaller  than  the 
others.    Smaller  paxillae  at  base  of  ray  have  5  to  1 0  spinelets. 
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Superomarginal  plates,  21  to  a  ray,  are  broader  than  high  except 
in  the  interbrachium,  and  the  dorsal  face  of  the  plates  is  wider  than 
long,  forming  a  raised  tumid  border  to  abactinal  area.  The  dorsal 
face  of  the  plate  passes  into  the  lateral  face  very  gradually,  so  that 
the  edge  of  the  ray  is  well  rounded.  Each  plate,  except  the  laak 
4  to  6,  bears  a  prominent  sharp,  sometimes  slightly  flattened  spine 
with  a  swollen  base.  On  the  first  2  plates  the  spine  is  near  the 
ixmer  edge  of  the  plate,  but  on  the  third  is  about  twice  as  far  from 
the  inner  edge,  and  from  the  fourth  on  stands  on  the  rounded  border 
between  the  dorsal  and  lateral  faces  of  the  plate,  and  also  gradually 
moves  from  the  median  transverse  line  to  the  aboral  margin.  The 
spines  on  the  first  2  plates  are  really  homologous  with  the  inner 
(complete)  series  of  Pa.  agassizi^  for  near  the  inner  edge  of  the 
third  and  sometimes  the  fourth  plates  of  the  type  of  rohiLstus  a 
similar  spine  occurs,  making  2  for  each  of  these  plates,  as  regu- 
larly occurs  throughout  the  ray  in  agassizi*  This  second  spine  is 
absent  in  the  cotype.  The  plates  are  covered  with  spaced,  circular, 
slightly  squamiform  and  convex  granules  on  the  dorsal  surface  at 
base  of  ray,  these  becoming  more  and  more  squamiform  toward  the 
end  of  ray.  On  the  lateral  face  of  the  plates  all  the  granules  are 
squamiform,  with  the  edge  upward. 

Inferomarginals  without  distinct  lateral  and  ventral  faces,  but 
forming  a  steeply  sloping  side  to  ray  when  viewed  from  below. 
The  plates  are  slightly  arched,  so  that  the  bevel  is  rounded.  Be- 
ginning with  the  second  or  third  plate  is  a  row  of  sharp,  prominent, 
flattened  spines  (slightly  larger  than  superomarginal)  extending 
nearly  to  tip  of  ray.  The  first  3  to  6  plates  bear  a  similar  smaller 
spine  spaced  from  the  lower  end  of  the  plate  one-fifth  to  one-third 
width  of  plate.  Exceptionally  a  proximal  plate  bears  a  small  spine 
midway  between  the  2  series.  The  surface  of  plate  is  covered  with 
spaced  squamules,  the  edge  directed  upward,  becoming  closer  and 
overlapping  on  the  edge  of  plate.  Beyond  the  proximal  third  of 
ray  the  inferomarginals  exceed  the  superomarginals  in  height  when 
viewed  from  the  side. 

Terminal  plate  stouter  than  in  gotoi^  nearly  as  long  as  wide, 
notched  on  the  proximal  border,  and  with  3  short  tubercular  spines 
on  the  end.    It  is  sometimes  ovoid  in  contour. 

Actinal  intermediate  plates  extending  to  ninth  inferomarginal  or 
a  little  over  half  the  length  of  ray.  •  There,  is  exceptionally  an  un- 
paired plate  behind  the  mouth  plates,  but  no  odd  interradial  series. 
The  interradial  areas  are  poorly  developed,  possibly  owing  to  the 
small  size  of  the  specimen.  The  plates  bear  spaced  groups  of  2  to  6 
clavate,  pulpy  papillae. 

Adambulacral  plates  with  an  angular  furrow  margin  and  an 
armature  consisting  of  6  or  7  compressed,  blunt  furrow  spines,  the 
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medlaii  with  edge  to  furrow,  and  8  or  10  much  shorter,  clavate  and 
thick,  pulpy,  papilliform  subambulacral  spines,  in  2  series,  and  uni- 
form with  the  intermediate  spines  or  spinelets.  The  armature  is 
very  similar  to  that  of  gotoi^  but  is  a  trifle  shorter.  The  first  adam- 
bulacral  is  much  compressed  with  18  to  20  spines  in  2  closely  ap- 
pressed  transverse  series. 

Mouth  plates  similar  to  those  of  gotoi  in  form  and  armature. 
There  are  4  prominent  flat  truncate  spatulate  teeth  at  the  kmer 
angle  of  the  combined  plates,  a  wide  median  suture,  and  along  the 
surface  of  each  plate  a  double  series  of  spines  to  the  outer  end, 
those  of  the  inner  or  superficial  series  being  subglobular  to  clavate, 
and  the  marginal  spines  being  smaller  and  strap-shaped,  closely  ap- 
pressed  against  the  superficial  spines,  and  of  equal  length.  The 
marginal  series  extends  to  the  outer  end  of  plate,  although  the  outer 
spines  are  widely  spaced.  In  the  foregoing  species  the  marginal 
spines  are  considerably  shorter  than  the  superficial,  which  are  less 
stubby,  and  the  series  does  not  occur  on  the  outer  fourth  of  the 
plate.  On  some  plates  of  the  present  species  it  is  lacking  on  the 
outer  fourth,  so  that  the  character  is  of  little  value  for  specific 
distinctions. 

Madreporic  body  small,  a  little  over  its  own  diameter  from  mar- 
ginal plate,  with  a  few  coarse  transverse  (interradial)  striae.  A 
large  paxilla  stands  at  the  adcentral  side. 

Type.-^Kt.  No.  80518,  U.S.N.M. 

Type-locaUty — Station  5632,  south  of  Batjan  Island,  Molucca 
Islands  (lat.  1**  S.;  long.  127^  50'  E.),  845  fathoms. 

Diatrtbution. — ^Biiown  only  from  tlie  type-locality. 

Specimens  examined. — ^Two;  the  type  and  specimen  from  station 
5631,  same  locality,  809  fathoms,  green  mud. 

Remarke. — ^While  this  species  in  a  general  way  resembles  Ps.  gotoi 
from  off  Luzon,  it  differs  very  markedly  in  the  structure  of  the  mar- 
ginal plates  and  their  armature,  and  in  having  smaller,  less  close-set 
paxillae,  and  shorter  actinal  spines  generally.  The  less  extensive 
distribution  of  actinal  intermediate  plates  of  the  present  form  ma^;^ 
be  due  to  its  immaturity.  This  point  can  not  be  settled.  That 
robustue  is  not  the  young  of  gotoi  seems  amply  demonstrated  by  the 
presence  of  a  specimen  of  the  latter  having  R  27  mm.  The  dif- 
ferences hold  good  with  the  exception  that  in  the  small  example 
of  gotoi  the  lower  series  of  inferomarginal  spines  extends  only  half 
the  length  of  ray.  Consequently  in  large  specimens  of  robustice  it 
may  eventually  be  foimd  that  the  lower  inferomarginal  series  is  much 
more  extensive.  The  absence  of  a  second  series  of  superomarginal 
spines  and  of  naked  areas  on  the  marginal  plates  will  separate 
robustue  from  agassizi.  The  presence  in  agassizi  of  a  well-marked 
ventral  face  to  the  inf eromarginals  is  also  an  important  difference. 
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The  distribution  of  the  inferomarginal  spines  together  with  the 
presence  of  enlarged  teeth  will  separate  this  form  from  any  si>eci6 
classified  by  Sladen  mider  Psilaater. 

PsUaater  gotoi  and  Ps.  robustus^  as  well  as  the  following  unnamed 
species  belong  to  Koehler's  genus  Phddiaster.    The  characters  of 
these  species  demonstrate  that  the  structure  of  the  superomarginals 
varies  greatly.    The  super Jhiarginals  may  be  very  narrow  dorsallv 
(pectinatt^)  J  or  conspicuously  broad  (agassizi^  rohustus)^  or  medium 
broad  {gotoi).    They  may  have  1  series  of  spines  {gotoi^  rohustu^ 
pectinatits)  ^  or  2  series  {agassizi)^  or  none  (the  following  form). 
The  size  and  armature  dpes  not  seem  to  be  of  generic  value.     The 
inf eromarginals  vary  also  from  having  only  1  complete  series  to  those 
having  2.    In  typical  PaUaster  the  spines  form  usually  transverse 
combs  and  are  sometimes  so  placed  as  not  to  form  also  longitudinal 
series  along  the  ray.    But  I  have  a  specimen  of  Psilaster  -florae^  a 
typical  Psilaster^  in  which  the  spines  form  both  transverse  and  longi- 
tudinal  series,  not  all  of  the  latter  completed.    In  Pa.  pectinatus^  and 
exceptionally  in  roTmaius^  the  proximal  plates  may  have  3  spines  in 
a  transverse  series,  or  to  put  it  differently,  an  intermediate  longi- 
tudinal series  is  present.    These  8  spines  approach  the  condition  of 
typical  PaUaster^  such  as  Pa.  fjOrae.    The  difference  is  one  of  number 
only.    Pa.  pectinatua^  in  regard  to  the  disposition  of  the  inferomar- 
ginal spines,  presents  an  intermediate  stage  between  Pa.  florae  and 
Pa.  agaaaizi  and  Pa.    gotoi.    The  presence  of  2  closely  appressed 
rows  of  spines  on  each  mouth  plate  is  common  to  typical  PaUaster 
and  PhidiaateTj  but  in  the  latter  the  4  inner  teeth  of  the  combined 
mouth  plates  are  larger  and  are  directed  horizontally  into  the 
actinostome,  a  condition  found  also  in  Pa.  gracUia  (not  otherwise 
like  Phidiaater) .    If  the  inner  teeth  of  PaUaater  florae  are  bent  down- 
ward so  as  to  lie  horizontally  they  are  seen  to  be  larger  than  the 
other  mouth  spines,  although  not  quite  so  large  as  in  Phidiaater.    But 
Pa.  pectinaiua^  otherwise  like  Phidiaater^  has  the  teeth  like  PsUaater. 
Even  here,  therefore,  the  difference  is  rather  one  of  degree,  for  the 
armature  in  arrangement  is  strikingly  alike  in  the  two  groups.    I 
have  merged  Phidiaater  with  Pailuater  because  the  characters  separat- 
ing the  genera  are  either  variable  or  connected  by  intergrades.    The 
extreme  types,  however,  are  easily  enough  separated,  and  Phidiaater 
will  make  a  convenient  subgenus  whenever  one  is  needed. 

0      PSn«ASTER,  species. 

Station  6606,  Gulf  of  Tomini,  Celebes,  647  fathoms;  1  specimen. 

This  specimen,  which  has  R  14  mm.,  is  nearest  Pa.  robtistuSj  but 

lacks  entirely  superomarginal  spines  and  has  less  massive  marginals 

and  wider  paxillar  area.    The  terminal  plate  and  inferomarginal 

plates  and  armature  closely  resemble  those  of  rohuatm.     Furrow 
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spines,  5;  subambulacral  and  intermediate  spinelets  granuliform; 
teeth  very  large. 

This  is  perhaps  a  young  rohustusj  but,  owing  to  the  absence  of 
superomarginal  spines  and  the  smaller  size  of  the  plates,  the  speci* 
men  has  been  listed  separately. 

Genus  ASTROMESITES  Fisber. 

AairomeHtes  Fishes,  1913a,  p.  611.    Type,  A,  compaoiua  Fisher. 

Diagnosis. — ^Resembling  Persephonaster  and  Psilaster  in  form, 
but  differing  from  them  and  resembling  Leptychaster  and  Blakiaster 
in  the  armature  of  the  adambulacral  and  mouth  plates,  and  espe- 
cially in  the  possession  of  an  odd  interradial  series  of  actinal  inter- 
mediate plates.  Differing  from  Blakidster  in  having  the  abactinal 
plates  compact  and  independent  true  paxillae,  and  in  having  well- 
developed  marginal  fascioles.  Marginal  plates  massive,  the  infero- 
marginals  with  an  appressed  comb  of  slender  spines;  superomar- 
ginals  unarmed;  paxillae  large,  flat  topped,  crowded;  actinal  inter- 
mediate plates  extending  in  a  single  series  far  along  ray;  adambu- 
lacral plates  with  an  angular  furrow  margin  bearing  a  divergent 
group  of  5  to  7  spines  and  numerous  subambulacrals,  as  in  Lepty- 
chaster; mouth  plates  with  extensive  convex  surface;  3  series  of 
crowded  suborals,  graded  in  length  from  the  straight,  even  furrow 
series  of  long  spines,  which  are  graduated  toward' 2  inner  teeth; 
no  sharp-angular  furrow  series  as  in  Perseptonaster;  ^isk  small, 
rays  stout,  rather  slender;  actinal  interradial  areas  small,  the  inter- 
mediate plates  extending  two-thirds  the  length  of  ray. 

A^TROMBSrrES  COMPACTUS  Fisher. 

Plate  19,  fig.  1 ;  plate  24,  fig.  3 ;  plate  25,  fig.  2 ;  plate  26,  fig.  2 ;  plate  81,  fig.  4; 

plate  85»  figs.  2,  2aHf. 

Asiromesites  compactus  Fishes,  1913a,  p.  611. 

Diagnosis. — R=78  mm.,  r=17  mm.,  E=4.6  r;  breadth  of  ray  at 
base,  20  mm.  Disk  small,  rays  narrow  but  stout,  tapering  regularly 
to  a  pointed  but  not  attenuate  extremity;  sides  of  ray  fairly  high, 
rounded;  marginal  plates  massive;  interbrachial  angle  abruptly 
rounded;  paxillae  large,  crowded,  with  numerous  short,  crowded, 
blimt  spinelets;  superomarginals  unarmed;  inferomarginals  with 
lateral  comb  of  4  to  6  appressed  spines;  marginal  fascioles  rather 
deep,  abrupt,  and  narrow;  furrow  series  angular,  of  5  to  7  spines; 
mouth  plates  with  straight,  numerous  furrow  series,  and  3  series  of 
suborals;  interradial  areas  small,  an  odd  interradial  series  of  inter- 
mediate plates,  and  a  single  series  far  along  ray ;  no  pedicellariae. 

Description. — ^Paxillar  area  compact,  narrow,  about  1.75  width  of 
superomarginal  plates,  except  at  extremity  of  ray,  where  it  is  nar- 
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rower.  Paxillae  large,  crowded,  nearly  flat  topped,  arranged  on  the 
rays  in  slightly  curved,  transverse  series,  the  regularity  of  which  is 
interrupted  proximally  and  distally  along  median  radial  lines.  At 
base  of  ray  8  rows  correspond  to  1  superomarginal.  The  largest 
paxillae  are  on  the  disk  about  two-thirds  distance  from  center  to 
inner  edge  of  marginals,  and  on  the  proximal  fourth  of  ray  on  a 
broad  radial  area.  The  paxillae  decrease  in  size  very  gradually 
toward  center  of  disk,  periphery  of  area,  and  end  of  ray.  They  have 
the  appearance  of  being  fairly  uniform  in  size.  The  larger  paxillae 
have  16  to  20  peripheral  and  10  to  12  central,  very  short,  almost 
granuliform,  round  tipped,  minutely  prickly  spinelets.  Owing  to 
their  crowded  disposition  the  crowns  of  the  paxillae  vary  from  sub- 
circular  to  polygonal. 

The  dorsal  plates  or  bases  of  paxillae,  are  elliptical  with  4  to  6 
incipient  lobes,  so  that  the  plates  may  appear  somewhat  6-sided, 
though  longer  than  wide.  On  the  median  radial  area,  where  there 
are  no  papulae,  the  plates  vary  from  elliptical  and  lozenge  shape  to 

*  broadly  oval,  and  are  close-set  or  proximally  even  slightly  overlap- 
ping. On  the  papular  areas  of  outer  part  of  ray  the  plates  are  quite 
independent,  but  on  disk  and  proximal  portion  of  ray  they  touch 

•  by  the  incipient  lobes.  The  plates  are  true  paxillae,  as  the  shaft  is 
constricted  in  the  middle — ^that  is,  flares  at  top  and  bottom.  Papulae 
small,  six  about  a  plate,  but  absent  from  a  median  radial  band,  where 
the  plates  af  e  elongate  and  crowded. 

Marginal  plates  very  massive.  Superomarginals  imarmed,  en- 
croaching conspicuously  upon  paxillar  area,  34  in  number,  and  form- 
ing a  well-rounded  border  to  abactinal  surface.  The  plates  are  wider 
than  long  and  there  is  a  distinct  abactinal  emd,  lateral  face  to  each. 
The  plates  are  separated  by  abrupt,  rather  deep,  f ascioles,  narrower 
than  the  intervening  ridges,  and  more  like  those  of  PsUaster  than 
the  more  or  less  abortive  V-shaped  grooves  of  Peraephonaster  and 
Blakiaster.  The  exposed  surface  of  this  ridge  is  slightly  tumid,  espe- 
cially on  the  outer  part  of  ray  and  the  summit  of  the  ridge  is  near 
the  distal  margin,  as  in  such  species  of  PeraepJionaster  as  euryactk 
and  luzordcus. 

Exposed  surface  of  plate  covered  with  rounded,  nearly  flat 
granules,  which  gradually  are  transformed  into  slender  spinelets  of 
the  f  asciolar  grooves.  Terminal  plate  subovoid  with  3  stubby  spine- 
lets on  the  end. 

Inferomarginal  plates  opposite  superomarginals,  except  some- 
times on  outer  part  of  the  ray,  and  with  a  rather  broad  rounded 
actinal  surface  passing  imperceptibly  into  the  lateral.  They  do  not 
extend  laterally  beyond  superomarginals.  Rather  deep  f  ascioles  sep- 
arate the  plates,  which,  on  the  tumid  outer  end,  are  armed  with  a 

tical  oblique  comb  of  proximally  6,  distally  4,  appressed,  slightly 
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curved,  sharp  spines,  of  which  the  central  2  or  3  are  the  longest  (at 
middle  of  ray,  equaling  the  width  of  plate).  Spaced  from  these,  on 
the  actinal  surface  of  the  first  10  plates,  are  2  shorter,  flattened,  ap- 
pressed  spinules  and  on  the  succeeding  4  or  5  plates,  1  such  spinule, 
situated  near  the  distal  margin.  The  general  surface  is  covered  with 
spinelets,  short,  truncate  and  granuliform  on  center,  becoming  much 
longer  and  slenderer  on  the  sides,  and  very  delicate  in  the  furrows. 

Actinal  interradial  areas  small ;  intermediate  plates  small,  arranged 
in  series  parallel  to  furrow,  and  also  parallel  to  interradius.  There 
is  an  odd  interradial  series  of  5  intermediate  plates,  of  which  the 
innermost  plate  belongs  to  the  second  longitudinal  series,  since  the 
proximalmost  plates  of  the  first  longitudinal  series  are  paired ;  that 
is,  a  pair  of  plates  is  opposite  the  outer  end  of  the  mouth  plate  and 
from  these  a  single  odd  series  proceeds  interradially  to  the  suture 
between  the  first  inferomarginals,  as  in  BlaJcicater^  Leptychaster^ 
and  other  genera.  Opposite  the  second  adambulacral  is  a  series 
parallel  with  the  interradial  which  does  not  reach  the  inferomar- 
ginal.  The  next  two  extend  from  the  third  and  fourth  adambulacrals 
to  the  first  inferomarginal.  The  number  of  plates  in  these  inter- 
radial series  decreases  rapidly,  so  that  opposite  the  third  inferomar- 
ginal there  are  2  series  of  2  plates  each.  Thence  a  single  longitudinal 
series  of  intermediate  plates  extends  to  two-thirds  the  length  of  ray 
(to  twenty-first  inferomarginal).  The  plates  imbricate,  are  convex, 
and  are  covered  by  a  paxillif orm  group  of  about  10  blunt,  cylindri- 
cal clavate,  central  spinelets  and  as  many  slender,  tapering  periph-  « 
eral  ones.  About  a  dozen  plates  in  center  of  interradial  area  have 
each  a  slender,  flat,  sharp,  appressed  spinule,  about  as  large  as  the 
actinal  inferomarginal  spinules. 

Adambulacral  plates  oriented  obliquely  with  a  distinct  angle  pro- 
jecting into  furrow,  and  with  an  armature  of  the  same  type  as  that 
of  Leptychasfer.  Furrow  spines,  slender,  blunt,  5  to  7,  of  which  that 
on  the  apex  of  margin  is  longest  and  most  compressed,  tiie  rest  de- 
creasing regularly  in  length.  Sometimes  one  or  both  lateral  spii^es 
are  crowded  back  from  the  furrow,  leaving  5  or  6  instead  of  the 
maximum  number  of  7  furrow  spines.  Twelve  or  14  shorter 
spines  stand  on  the  surface  of  the  plate;  about  3  of  them  are  just 
back  of  the  furrow  series,  and  the  remainder  (more  crowded  and 
much  diorter)  are  on  outer  part  of  plate.  Sometimes  the  subambu- 
lacral  spines  arrange  themselves  in  3  longitudinal  series,  with  1  spine 
out  of  order  back  of  the  furrow  series. 

Mouth  plates  rather  large  and  prominent  actinally,  and  with  an 
armature  unlike  that  of  Persephonaater^  but  more  like  that  of  Lepty- 
chaster  and  Bldkiaster.  There  is  no  angular  or  fasciculate  group 
of  spines  belonging  to  the  marginal  series  between  the  base  of  the 
tooth  and  peristome.   Marginal  series,  bordering  furrow,  rather  long, 
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even,  fairly  straight,  composed  of  11  spines  of  which  the  inner  is  flat- 
tened, oblong,  blunt,  2.5  mm.  long  and  directed  upward,  away  from 
the  mouth.  The  next  is  a  little  shorter  and  slenderer,  while  the  suc- 
ceeding 9  are  of  nearly  uniform  length,  except  the  outermost  1  or 
2  which  are  shorter,  and  are  nearly  as  long  as  second  tooth.  They 
are  narrow,  strap-shaped,  compressed  and  blunt,  and  are  like  the  mar- 
ginal spines  of  PsUaster,  only  longer,  being  appressed  against  the  in- 
termediate spines.  This  series  is  continued  along  the  lateral  sutur&I 
margin  by  9.  dozen  smaller  spinelets.  The  short  stubby  suboral  spine- 
lets  are  arranged  in  about  8  series  on  each  plate,  only  that  adjacent  to 
median  suture  reaching  the  teeth.  The  spines  on  the  inner  end  of 
this  series  are  rather  thick  and  blunt,  and  the  whole  suboral  arma- 
ture has  the  appearance  of  being  crowded  and  graduated  in  length 
from  the  marginal  series  to  the  outer  end  of  the  plates  where  the 
spinelets  are  like  those  of  the  adjacent  intermediate  plates. 

Madreporic  body  small,  2.5  its  own  diameter  from  marginal  plates 
and  crossed  by  rather  coarse,  irregular,  transverse  ridges  and  fine 
striae. 

Tube  feet  pointed,  without  deposits;  strong  superambulacral 
plates;  marginal  coelomic  pockets  as  in  Persephonaster;  gonads  in- 
terradial. 

Type,— C^i.  No.  30519,  U.S.N.M. 

Type-locality. — Station  5289,  Verde  Island  Passage,  north  of  Min- 
doro  (lat.  13^  41'  50"  N.;  long.  120^  58'  30''  E.),  172  fathoms, 
broken  shells,  sand;  1  specimen. 

Distribution, — ^Bjiown  only  from  oflf  southern  Luzon,  172  to  210 
fathoms. 

Specimens  examined. — ^The  type  and  1  specimen  from  station 
5296,  China  Sea,  vicinity  of  southern  Luzon,  210  fathoms,  mud  and 
sand. 

Remarks. — Astrom^sites  differs  from  Persephonaster^  PsQastefj 
and  Bathyhiaster  in  having  an  odd  interradial  series  of  actinal  in- 
termediate plates.  It  differs  further  from  Persephonaster  in  lacking 
the  latter's  characteristic  angular  marginal  series  (or  fasciculate 
group)  of  oral  spines,  and  in  having  an  angular  series  of  furrow 
spines,  rather  than  a  comb ;  from  Psilaster  in  having  broader  mouth 
plates  with  numerous,  crowded  suboral  spines  in  more  than  1  series, 
an  angular  (not  pectinate)  furrow  armature,  and  in  lacking  the 
thick,  fleshy,  actinal  spinelets;  from  Bathyhiaster  in  lacking  lobes 
on  the  abactinal  plates,  fleshy  actinal  spinelets,  and  in  having  a 
different  type  of  dental  and  marginal  armature.  Astromesites  agrees 
with  Blakiaster  and  Leptychaster  in  having  the  odd  interradial 
scries  of  actinal  intermediate  plates,  and  the  same  type  of  adamba- 
lacral  armature.    It  differs  from  Blakiaster^  however,  as  indicated  in 


Digitized  by  VjOOQIC 


STABPI8HE8  0^  THE  PHILIPPINE  SEAS.  Ill 

the  diagnosis,  and  from  LeptycJiaater  in  having  armed  inferomargi- 
nals  of  the  type  of  Psilaster  and  Persephonaster.  I  should  be  in- 
clined to  rank  Aatromesites  with  Blakiaater  were  not  the  abactinal 
plates  wholly  different 

Genus  PERSEPHONASTER  Alcock, 

Persephonaster  Wood-Mason  and  Alcock,  1891,  p.  430.    Type,  P.  croceus. 
PsUasteropsis  Fisheb,  1906,  p.  1023.    Tjrpe,  Pa.  cingulata  Fisher. 

KET  TO  THE  SPECIES  OF  PBRSBPHONASTBB  HKIBIN  DESCRIBED. 

a  \  Marginal  plates  broad  and  conspicuous,  the  Inferomarginals  forming  a  wide 
bevel  to  actinal  surface  and  bearing,  on  the  outer  tumid  end,  which  pro- 
jects laterally  beyond  superomarginals,  a  prominent  comb  of  slender 
spines,  covering,  at  least  proximally,  a  second  smaller  parallel  comb; 
superomarginals  with  a  transverse  series  of  appressed  spines  or  spinules. 
b  \  With  several  spines  on  the  actinal  surface  of  inferomarginals  in  addition 
to  the  lateral  comb. 
c\  Rays  broad  and  petaloid,  abruptly  narrov»'ed  to  a  very  attenuate  ex- 
tremity; paxillar  area  broad;  actinal  intermediate  plates  extending 
fully  two-thirds  the  length  of  ray,  and  larger;  inferomarglnal  plates 
wider;  superomarginal  spines  more  prominent  and  numerous. 

euryactis,  p.  112. 
c*.  Rays  narrower,  evenly  tapered;  paxillar  area  narrower;  actinal  inter- 
mediate plates  extending  a  little  over  one-half  length  of  ray,  and  very 
small  distally;  inferomarginals  narrower;  superomarginal  spinules 

inconspicuous luzorUcus,  p.  118. 

b\  Only  tlie  lateral  comb  of  inferomarglnal  spines  (except  on  first  3  or  4 

plates) -— . anchistus,  p.  117. 

c*.  Marginal  plates  massive,  but  not  especially  broad,  the  side  of  ray  vertical; 
rays  slender,  more  or  less  attenuate  at  tip ;  second  lateral  comb  obsolete ; 
superomarginals  unarmed  or  with  single  spine,  not  a  transverse  series. 
b\  Superomarginals  not  conspicuously  tumid  and  without  special  spine;  no 

abactinal  pedicellariae  independent  of  paxillae tenuis,  p.  121. 

b\  Superomarginals  tumid,  with  a  single  spine,  forming  a  straight  series 
along  ray;  among  the  paxillae  low  plates  bearing  fasciculate  pedicel- 
lariae independent  of  paxillae ;  no  erect  lateral  spine  above  the  infero- 
marglnal comb. 
c  \  Superomarginals  very  tumid  with  the  transverse  ridge  situated  at  mid- 
dle of  plate,  and  evenly  rounded  from  inner  to  outer  edge;  furrow 
spines  9;  marginal  fan  of  oral  spines,  S  or  4,  not  prominent. 

multicinctus,  p.  123. 
c*.  Superomarginals  less  tumid  and  with  the  transverse  ridge  situated  be- 
tween center  and  distal  margin  of  plate ;  an  appreciable  angle  between 
the  dorsal  and  lateral  surfaces;  Inferomarginals  broader,  with  less 
crowded,  slenderer  squamules;  furrow  spines  7  or  8;  marginal  fan 

of  mouth  spines  5  to  7,  prominent suluensis,  p.  125. 

b  *.  Marginals  tumid,  the  inferomarginals  being  narrow  and  provided  usually 
with  an  erect  conical  spine  at  upi)er  end  of  plate,  above  the  appressed, 
longer  spines  of  the  lateral  comb;  superomarginal  spines  in  a  single 
series  along  ray,  passing  from  the  inner  edge  of  plate  toward  outer, 
after  the  fifth  plate monostoechus,  p.  134. 
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a\  Marginal  plates  not  maasive,  the  snperomarglnals  being  small,  sqnarlsb, 
and  tumi(),  with  a  spine  near  center,  and  sometimes  on  the  outer  part  of 
ray  more  than  1;  the  inferomarglnals  narrow  bnt  with  a  well-nuirked 
actinal  face;  rays  depressed;  paxillae  rather  spaced  and  delicate. 
b  \  Rays  broader ;  inferomarglnals  at  base  of  ray  about  two-thirds  to  three- 
fourths  as  long  as  wide;  no  actinal  series  of  spinules;  more  than  1 
series  of  suboral  spines,  the  mouth  plates  as  a  whole  larger;  marginal 
and  subambulacral  fasciculate  pedicellarlae ;  furrow  spines  6  or  7. 

oediplax,  p.  127. 

&'.  Rays   slenderer;    inferomarglnals   narrower,    the   width   not   exceeding 

length,  except  on  first  2  plates;  2  or  3  actinal  inferomarginal  spinules 

proximally,  in  addition  to  lateral  comb ;  only  1  series  of  suboral  spines ; 

no  marginal  or  adambulacral  pedicellarlae;  furrow  sphies  5  or  6. 

hahrogenys,  p.  131 

PERSEPH0NA8TEB  EUBTACTIS  FldMr. 

Plate  24,  fig.  4 ;  plate  25,  fig.  4 ;  plate  30,  fig.  5 ;  plate  85,  figs.  1,  IohI  ;  plate  36, 

fig.  1. 

Persephonaster  euryactis  Fishes,  1913a,  p.  613. 

Diagnosis, — ^R=92  mm.,  r=28  mm.,  R==4  r;  breadth  of  ray  at 
base,  24  to  26  mm.  Bays  depressed,  broadly  lanceolate,  abruptly 
constricted  near  tip  into  a  very  attentuate,  sharp  extremity;  inter- 
brachium  abruptly  rounded-angular ;  superomarginal  plates  broader 
than  long,  and  after  the  first  half  dozen,  confined  to  abactinal  sur- 
face; each  tumid  plate  with  a  transverse,  appressed  comb  of  3  to  7, 
flat,  sharp  spines;  inferomarginals  much  broader  than  long,  the 
outer  tumid  end  bearing  a  comb  of  about  5  prominent,  sharp  spines; 
proximal  plates  with  a  second  lateral  comb  of  3  to  5  spines  covered 
by  the  first;  curved  furrow  comb  of  6  or  7  rather  long  spines;  sub- 
ambulacrals  proximally  about  6  in  a  single  irregular  series;  actinal 
intermediate  plates  extending  two-thirds  length  of  ray. 

Description. — ^Paxillae  medium-sized,  low,  arranged  in  slightly 
oblique  transverse  series  on  rays,  meeting  a  narrow  radial  area  of 
irregularly  arranged  paxillae  and  a  circular  area  on  center  of  disk. 
Largest  paxillae  on  disk  are  found  interradially  at  about  the  middle 
of  r,  while  on  the  rays  the  largest  are  in  the  lateral  series  near  the 
radial  line,  although  there  is  not  much  difference  in  size.  At  base  of 
ray  6  or  7  transverse  series  correspond  to  2  superomarginals.  The 
spinelets  usually  stand  erect  in  a  compact  flat-topped  roundish  group 
causing  the  paxillae  to  be  spaced  about  one-half  their  diameter  apart. 
^Whenever  the  spinelets  radiate  the  paxillae  at  once  appear  larger 
and  closer  together,  even  touching.  Fifteen  to  20  peripheral  and 
10  to  15  central  slender,  terete,  blunt  spinelets,  longer  than  the 
stout  pedicel  compose  the  crown  of  the  larger  paxillae.  Many  of 
the  paxillae  bear  a  central  fasciculate  or  pectinate  pedicellaria  con- 
sisting of  4  to  8  jaws,  considerably  stouter  but  not  much  longer 
than  the  regular  spinelets.    There  are  several  giant  paxillae  on  the 


Digitized  by  VjOOQIC 


STARFISHES  OF  THE  PHILIPPINE  SE48.  118 

disk,  with  upward  of  60  or  even  more  spinelets,  and  usually  a  central 
pediceUaria  with  6  or  8  jaws.  These  may  represent  the  primary 
apical  plates. 

I>orsal  plates  or  bases  of  paxillae,  broadly  elliptical  or  subcircular, 
with  4  to  6  shallow  notches  on  border.  Papulae  6  about  a  plate,  but 
absent  from  a  narrow  radial  streak  and  center  of  disk 

Marginal  plates  massive.  Superomarginals,  40  to  a  ray,  are  broad 
and  tumid  both  as  regards  the  cross  and  longitudinal  axes,  and  are 
confined  to  the  abactinal  surface  beyond  the  first  half  dozen  plates. 
Proximally  the  plates  are  higher  than  wide,  but  they  soon  become 
much  wider  than  high,  and  form  a  tumid  raised  border  to  the 
paxillar  area.  Inferomarginals  extending  laterally  beyond  the  su- 
peromarginals.  On  the  highest  part  of  the  plate,  near  the  distal 
margin,  is  borne  a  transverse  appressed  comb  of  proximally  4  to  7, 
and  distally  8  to  5,  flat,  sharp  spines,  the  median  or  outer  admedian 
usually  the  longest  and  about  equaling  the  length  of  plate.  On  the 
proximal  plates  there  is  usually  a  second  series  of  shorter  spines 
just  adorally  to  the  first,  which,  farther  along  ray,  are  represented 
by  several  unequally  enlarged,  sharp,  squamiform  spinelets.  The 
median  transverse  area  of  the  plate  is  covered  with  closely  appressed, 
acute,  ovate  squamules,  which  are  rapidly  transformed,  toward  the 
margins,  into  erect  terete  papilliform  spinelets. 

Inf  eromarginal  plates  much  wider  than  long,  and  with  an  extensive 
sloping  actinal  face,  forming  a  prominent,  slightly  arched,  beveled 
border  to  the  actinal  surface,  the  outer  end  of  the  plate  being  rounded, 
tumid,  and  projecting  beyond  the  superomarginals.  The  width  of 
a  plate  about  equals  the  length  of  2.  The  armature  consists  of  a  lat- 
eral comb  of  proximally  5  and  distally  4  or  5  long,  slender,  sharp, 
slightly  curved  spines  on  the  out^r  end  of  the  plate,  the  next  to  the 
lowest,  or  the  lowest  being  the  longest;  or  the  8  lowermost  are  sub- 
equal  and  equal  to  the  length  of  2.5  inferomarginal  plates.  Con- 
tinuing this  series  along  the  distal  margin  toward  the  inner  end  of 
the  plate  are  proximally  4  or  5  and  distally  2  or  8  sharp,  appressed,  flat 
tened,  much  shorter  spines.  Proximally  this  series  reaches  nearly  to 
inner  end  of  plate,  but  on  the  distal  half  of  the  ray  the  inner  half  of 
the  plate  is  free  from  spines.  In  addition  to  these,  the  plates  of  the 
proximal  half  of  the  ray  have  a  second  comb  of  lateral  spines  parallel 
to  and  covered  by  the  outer  comb.  This  is  a  variable  feature  and  is 
well  developed  only  on  the  first  10  plates,  but  a  remnant  of  the  series 
in  the  form  of  a  single  spine  continues  nearly  to  the  end  of  ray. 
There  are  usually  8  to  6  spines  (considerably  shorter  than  the  other 
lateral  spines)  and  several  shorter  spinules.  The  surface  of  the  plate 
is  covered  with  medium-sized,  ovate  or  obovate  imbricating,  appressed 
squamules,  with  broad  rounded  ends.    They  are  specialized  into  a 
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series  of  short  pointed  spmules  just  adorally  to  the  series  of  latenl 
spines. 

Terminal  plate  small,  rather  oblong,  with  a  small  notch  on  the 
proximal  end  and  a  tuft  of  5  or  6  small  spines  on  the  distal  end. 
Surface  covered  with  small  lanceolate  squamae. 

Actinal  interradial  areas  small,  owing  to  the  breadth  of  infero- 
marginals.  Intermediate  plates  exending  in  a  single  series  to  twenty- 
second  to  twenty-fourth  inferomarginal  or  two-thirds  the  length  of 
ray,  but  beyond  the  middle  they  are  very  small.  A  second  series  of 
small  plates  reaches  the  sixth  or  seventh  inferomarginal.  In  a  trans- 
verse series  between  the  first  adambulacral  and  first  inferomarginal 
are  5  or  6  small  plates.  The  plates  are  spaced  and  bear  paxillif  onn 
groups  of  8  to  12  papilliform  spinelets,  and  a  few  plates  in  the  inter- 
radial region  bear  also  a  central  tapering  sharp  spine  2  or  3  times  as 
long  as  the  spinelets. 

Adambulacral  plates  slightly  wider  than  long,  with  wide  sutures 
between.  Furrow  margin  angular,  bearing  a  comb  of  6  or  7  long 
slender  compressed  round-  or  squarish-tipped  spines,  the  central  2  or 
3  slightly  the  longest  and  with  edge  to  furrow,  the  laterals  with  flat 
side  thereto.  The  longest  spines,  at  base  of  ray,  equal  1.5  adambulacral 
plates  in  length  or  1.3  inferomarginals,  counting  the  intervening 
sutures  in  each  case.  Subambulacral  spiuQS  proximally  about  6,  un- 
equal, slender,  tapering  and  swollen  by  membrane,  shorter  than  the 
furrow  spines  and  arranged  in  usually  a  single  irregular  series. 
Farther  along  ray  the  number  increases  to  about  10  short,  papilli- 
form spinelets,  in  2  series.  On  the  outer  part  of  ray  they  are  no 
longer  than  the  inferomarginal  spinelets,  but,  of  course,  sJenderer. 
The  first  plate  is  compressed,  but  still  with  a  furrow  comb  of  6,  and 
upward  of  15  subambulacrals. 

Mouth  plates  prominent  actinally  and  with  the  typical  Persepho- 
naater  type  of  armature.  First  there  is  a  pair  of  stout,  long,  lanceo- 
late or  oblanceolate  teeth ;  between  the  base  of  these  and  the  peristome 
on  either  side  is  an  oblique  double  row,  or  angular  group,  of  8  or  10 
short,  flattened,  blunt  spines,  resembling  a  pectinate  or  fasciculate- 
pectinate  pedicellaria.  These  are  part  of  the  furrow  or  marginal 
spines,  and  are  continued  along  the  side  of  the  plate,  adjacent  to  first 
tube  foot,  in  a  series  (on  the  same  level  with  the  teeth)  ofl  5  or  6  storuter , 
spatulate  spines,  forming  a  palmate  group,  but  smaller  in  every  way 
than  the  first  adambulacral  furrow  series.  On  either  side  of  the 
broad  median  suture  is  a  series  of  about  12  to  15  broad,  flat,  leaf- 
like spines,  the  pair  just  back  of  the  mouth  spines  being  enlarged,  and 
the  outermost  of  the  series  smaller  and  more  clavate.  Between  this 
series  and  the  marginal,  and  extending  far  beyond  the  latter  to  the 
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outer  end  of  plate,  is  an  intermediate  series  of  smaller  flattened  papil- 
liform  round-tipped  spinelets,  also  decreasing  in  size  outward. 

Madreporic  body  small  at  the  middle  of  the  minor  radius,  but 
nearer  edge  of  paxillar  area  than  center  of  disk.  Striae  small,  radiat- 
ing, irregular. 

Type.— Csit  No.  30520,  U.S.N.M. 

Type-locality. — Station  5297,  Verde  Island  Passage,  off  Batangas 
Bay,  Luzon  (lat.  13°  41'  20''  N.;  long.  120**  58'  E.),  198  fathoms, 
mud  and  sand ;  2  specimens. 

Distribution. — ^The  typical  form  is  known  only  from  the  type 
locality. 

RemarkB. — In  the  shape  of  the  ray  this  species  is  like  P.  coelochUes 
Alcock  (Andaman  Sea,  230  to  250  fathoms) ,  but  lacks  the  stout,  erect, 
superomarginal  spine,  and  has  the  abactinal  plates  irregular  along 
the  radial  line.  The  inferomarginal  plates  of  euryactis  are  wider, 
and  in  coelochHes  the  second  series  of  actinal  intermediate  plates  ex- 
tends far  along  the  ray.  The  actinal  accessory  inferomarginal  spines 
are  lacking  in  coeloehUes.  P.  misakiensis  Goto  is  a  closely  related 
species. 

PERSEPHONASTER  EURTACTIS  BREVISPINUS.  new  subspecies. 

Plate  24,  fig.  2 ;  plate  25,  fig.  3 ;  plate  30,  fig.  2 ;  plate  36,  figs.  2,  2a. 

Diagnosis. — Differing  from  the  type  form  in  having  fewer  and 
shorter  superomarginal  spines,  which  are  usually  lacking  on  the 
first  5  or  6  plates,  pedicellariae  with  slenderer  jaws,  and  subambu- 
lacral  spines  in  2  rows  throughout  the  ray.  R=73  nmi.,  r=19  mm. 
R=3.8H-r. 

Description. — ^The  general  appearance  is  closely  similar  to  that  of 
the  type  form,  especially  in  respect  to  the  size  of  disk  and  shape  of 
ray.  The  paxillae  are  similar  but  the  pedicellariae  are  not  quite  so 
numerous  and  the  jaws  are  little  if  any  stouter  than  the  spinelets. 
Superomarginal  plates  with  only  a  tuft  of  inconspicuous  spinules, 
with  1  to  3  enlarged,  but  much  shorter  than  the  plate.  Inferomar- 
ginals  with  the  second  lateral  series  of  spines  usually  well  developed 
and  not  reduced  to  a  single  spine  until  past  the  middle  of  ray,  but 
this  is  rather  variable,  for  a  specimen  from  station  5550  (referable 
probably  to  a  distinct  forma  of  this  race)  has  the  second  series  less 
well  developed  than  in  evryactis.  The  actinal  continuation  of  the 
primary  lateral  series  consists  of  from  5  to  3,  and  finally  2  spinules, 
practically  as  in  the  type  form.  Furrow  spines  usually  7,  and  the 
subambulacrals  in  2  series  at  the  base  of  ray  as  well  as  on  the  outer  part. 
Most  of  the  actinal  intermediate  plates  of  the  disk,  adjacent  to  adam- 
bulacrak,  bear  a  group  of  6  or  8  tapering,  blunt  papilliform,  or 
sharped  spinelets  forming  a  fasciculate  pedicellaria,  more  marked 
than  in  euryactis. 
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Anatomical  notes. — ^More  specimens  of  brevispintis  being  avaikUi 
than  of  the  type  form,  it  has  been  used  for  dissection. 

Stomach  eversible,  with  a  single  chamber,  a  circle  of  small  gland- 
like out-pouchings  of  the  dorsal  surface  representing  perhaps  the 
rudiment  of  the  dorsal  stomach.  Hepatic  coeca  rather  short,  reachr 
ing  about  as  far  as  seventh  superomarginal  plate;  intestinal  coeci 
conspicuous,  and  shaped  somewhat  like  a  butterfly,  the  intestioil 
being  where  the  body  of  the  butterfly  would  be,  and  the  4  wings  being 
represented  by  symmetrical  divisions  of  the  coecum.  Anal  apertuni 
small.  The  greatest  diameter  of  coecum  equals  about  one-half  r.  A. 
strong  muscle  proceeds  downward  from  the  base  of  the  hepatic  coe^ 
cum  and  is  attached  to  the  first  3  ambulacral  ossicles.  Another  pro- 
ceeds from  the  fifth  ambulacral  ossicle  and  dividing  into  several 
branches  is  attached  to  the  wall  of  the  stomach,  below  the  coeca. 
There  are  10  of  each  of  these.  Gonads  interradial,  there  being 
a  single  tuft  depending  from  the  dorsal  integument  on  either 
side  of  the  membranous  interbrachial  septum.  Tube  feet  pointed, 
but  with  a  small  button;  ampullae  strongly  double;  Polian  vesicles 
one  in  each  interradius,  except  that  of  madreporic  body,  where  there 
are  2.  They  are  of  an  unusual  form,  having  a  narrow  proximal  nedc 
and  an  enlarged  distal  kidney-shaped  portion,  around  the  edge  of 
which  are  many  simple  or  divided  fingerlike  coeca.  Superambu- 
lacral  plates  well  developed,  absent  from  first  3  ambulacral  plates. 

Between  the  superomarginal  and  inferomarginal  plates  a  series 
of  tubelike  diverticula  of  the  coelom  proceed  horizontally  toward  the 
outside.  The  position  of  each  diverticulum  is  where  the  transverse 
edges  of  2  superomarginals  and  2  inferomarginals  meet,  and  the 
largest  pore  is  the  interradial  one,  while  the  others  decrease  in  size, 
being  quite  small  on  the  outer  part  of  the  ray.  The  outer  end  of  the 
pore  has  a  corresponding  position  with  reference  to  the  4  platea  It 
ends  blindly  against  the  skin,  but  I  have  not  been  able  to  demonstrate 
a  papula,  although  from  the  inside  the  passages  have  the  appear- 
ance of  papular  pores.  A  natural  supposition  would  be  that  they  in- 
dicate where  papulae  once  existed.  In  Peraephonaster  oediplax  the 
pores  are  proximally  still  larger  but  no  papulae  can  be  discovered. 
The  same  pores  exist  in  PsUaster. 

Type.— Ceit.  No.  37002,  U.S.N.M. 

Type-locdlity. — Station  5289.  Verde  Island  Passage,  north  coast  of 
Mindoro  (lat.  13**  41'  50''  N.;  long.  120^  58'  30"  E.),  172  fathoms, 
shells,  sand. 

Distribution. — Balayan  Bay,  Luzon,  and  vicinity,  and  near  Jolo 
Island,  172  to  258  fathoms.  Apparently  this  variety  lives  on  harder 
bottom  than  the  type  form. 

Specimens  examined. — Six;  8  from  type-locality  and  1  fiom  each 
of  the  following  stations: 
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Station  5290,  near  type-locality,  214  fathoms,  lava,  gravel. 
Station  5365,  Balayan  Bay,  Luzon,  214  fathoms. 
Station  5550,  vicinity  of  Jolo  Island,  258  fathoms,  fine  sand,  shells, 
bottom  temperature  52.3°  F. 

PERSEPHONASTER  ANCHISTUS  FUher. 

Plate  26,  fig.  3;  plate  27,  fig.  2;  plate  36,  figs.  4,  4a-<l. 
Peraephonaster  anchistus  Fibheb,  1918a,  p.  614. 

Diagnosis. — Similar  to  P.  euryactis^  but  with  slightly  slenderer 
rays  which  taper  evenly  on  the  outer  part  to  an  attenuate  extremity; 
actinal  inferomarginal  spines  lacking  except  on  the  first  few  plates; 
superomarginal  spines  lacking  on  first  3  to  5  plates,  and  distally  1 
to  3  in  number;  lateral  comb  of  spines  as  in  eurj/actis,  but  the  second 
comb  very  poorly  developed,  usually  represented  by  a  single  spine, 
behind  one  of  the  top  spines  of  the  first  comb;  paxillae  arranged  as 
in  euryactis  and  of  about  the  same  size,  but  with  slightly  longer 
spinelets;  abactinal  pedicellariae  numerous,  with  jaws  only  slightly, 
sometimes  not  any,  thicker  than  the  surrounding  spinelets;  subam- 
bnlacral  spines  slightly  more  numerous  than  in  euryactis^  in  2  or  3 
longitudinal  series.  R=143  mm.,  r=34  mm.,  E=4.2  r;  breadth  of 
ray  at  midinterbrachium,  34  mm. 

Description. — The  spinelets  of  paxillae  usually  stand  erect,  forming 
a  flat-topped,  compact  4-sided  or  roimded  group.  A  rather  large 
pasiUa  has  15  to  20  slender  terete,  blunt  peripheral  spinelets  and  8 
to  12  central  ones,  of  which  3  or  more  are  often  slightly  swollen  and 
curved  to  form  the  jaws  of  a  fasciculate  pedicellaria.  Abactinal 
plates  elliptical,  but  with  slightly  undulating  margin — ^not  quite  so 
obviously  nicked  or  scalloped  as  in  euryactis. 

Superomarginal  plates,  48  to  a  ray  in  the  type,  have  the  same  pro- 
portions as  in  euryactis^  and  the  type  has  usually  3  spines  in  a  simi- 
lar position  except  on  the  first  2  to  4  plates.  Sometimes  there  are  4 
or  5  spines.  The  central  is  the  largest,  and  proximally  is  about  as 
long  as  the  plate,  but  distally  is  one  and  a  half  times.  The  specimen 
from  station  5116  has  usually  only  1  spine  not  so  long  as  its  plate. 
The  general  covering  of  the  plate  is  similar  to  that  of  eitryactis. 

Inferomarginals  about  the  same  proportions  as  in  euryactis,  but 
lacking  the  actinal  continuation  of  the  lateral  cOmb  except  on  the 
first  2  to  6  plates  where  actinal  spines  occur  irregularly.  This  dif- 
ference is  the  most  striking  one  between  euryactis  and  ancMstus. 
The  lateral  comb  has  proximally  4  or  5  prominent  appressed  spines 
and  distally  2  to  4.  Underneath  these  there  is  often  a  single  spine, 
the  rudiment  of  the  second  lateral  series.  In  the  type  the  squami- 
form  spinelets  are  much  as  in  euryactis^  though  in  the  specimens 
from  Balayan  Bay  they  are  much  slenderer  and  pointed  not  truncate 
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or  round  tipped.  Similarly  the  superomarginal  squamules  of  these 
specimens  are  slenderer. 

Actinal  intermediate  plates  extending  two-thirds  the  length  of 
ray  in  a  single  series;  and  in  a  double  series  as  far  as  the  eighth 
inferomarginal  of  type,  and  fifth  of  cotype  (station  5116).  The  type 
seems  to  lack  actinal  intermediate  pedicellariae,  but  a  few  are  present 
in  the  cotype,  next  the  proximal  adambulacral  plates. 

Adambulacral  armature  similar  to  that  of  euryactis^  but  differing 
slightly  in  having  more  subambulacral  spines.  Proximally  there 
are  8  or  10  in  2  series  with  the  beginning  of  a  third,  and  distally 
there  are  12  to  14,  in  3  irregular  series,  or  without  very  definite  serial 
arrangement.  Furrow  spines  6  or  7  in  type,  7  or  occasionally  8  in 
cotype,  compressed,  long,  round-tipped  or  dully  pointed.  The  mouth 
plates  do  not  show  any  marked  points  of  difference. 

Color  in  life :  "  Salmon  color "  above,  below  very  light  (specimen 
from  station  5111). 

Type.— Cat  No.  30521,  U.S.N.M. 

Type-locality. — Station  5301,  China  Sea,  vicinity  of  Hongkong 
(lat.  20°  37'  N.;  long.  115°  43'  E.),  208  fathoms,  gray  mud,  sand, 
bottom  temperature  50.5°  F. 

Distribution. — Vicinity  of  Hongkong  to  southern  Luzon,  200  to 
236  fathoms. 

Specimens  examined. — ^The  type,  and  1  specimen  from  each  of  the 
following  stations : 

Station  5111,  Balayan  Bay,  Luzon  (13°  45'  15"  N.;  120°  46'  30" 
E.),  236  fathoms. 

Station  5116,  same  locality,  200  fathoms,  bottom  temperature 
50.2°  F. 

Remarks. — Persephonaster  anchdstus  is  very  close  to  P.  eurya^tisj 
but  the  difference  in  the  inferomarginal  armature  is  constant.  The 
specimens  from  Balayan  Bay  have  the  additional  difference  of  pos- 
sessing slender,  pointed,  inferomarginal  spinelets. 

Through  lack  of  specimens  it  has  not  been  possible  to  decide  sat- 
isfactorily the  status  of  this  species.  It  is  one  of  those  exasperating 
forms  which  presents  a  close  similarity  to  another  species,  yet  has  an 
obvious  difference,  the  value  of  which  it  is  not  practicable  to  test 
rigorously  on  account  of  insuflScient  material. 

PERSEPHONASTER  LUZONICUS  Fisher. 

Plate  23,  fig.  3 ;  plate  24,  fig.  1 ;  plate  36,  fig.  3,  3a-&. 
Persephonaster  luzonicus  Fisheb,  1913a,  p.  C14. 
Diagnosis. — Resembling,  in  armature,  P.  euryactis  hrevispinus^  but 
with  narrower,  evenly  tapered  rays,  much  narrower  paxillar  area, 
fairly  large  compact  paxiUae  having  slightly  shorter  spinelets,  nar- 
rower inferomarginal  plates,  and  a  shorter  series  of  actinal  inter- 
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mediate  plates.  R=78  mm.,  r=18  mm.,  R=4.3  r;  breadth  of  ray 
at  midinterbrachium,  about  20  mm. 

Description. — ^The  most  striking  difference  between  this  species 
and  P.  euryactis  brevispmus  is  in  the  narrower  rays,  which,  instead 
of  being  rather  broad  near  the  tip  and  then  quickly  narrowing  to 
an  attenuate  extremity  taper  gradually  from  a  narrower  base.  The 
superomarginals  are  of  the  same  width  in  the  two  species,  and  as 
a  consequence  the  paxillar  area  is  much  narrower  in  luzonicus^  its 
width  at  one-third  R  from  center  being  one  end  two-thirds  to  slightly 
less  than  twice  the  extreme  width  of  a  neighboring  superomarginal, 
and  at  two-thirds  R,  about  as  wide  as  the  superomarginal.  In 
ewryactia  these  members  are  respectively  2.5  or  2.75  and  1.75. 

The  paxillae  are  compact  and  the  transverse  series  on  the  rays  are 
interrupted  along  the  median  line.  The  paxillae  are  relatively  a 
little  larger  than  in  euryactis.  An  average  large  paxilla  from  base 
of  ray  or  interradius  has  18  to  25  peripheral  and  about  the  same  num- 
ber of  slightly  shorter  central  spinelets,  slender,  terete  bluntly 
pointed.  Pedicellariae  are  very  variable  in  occurrence.  In  the  type 
they  are  lacking,  or  at  least  very  scarce,  but  in  an  example  from 
station  5329  they  are  very  numerous,  occupy  the  center  of  the  tabu- 
lum  and  consist  of  4  to  6  spiniform  jaws  a  little  shorter  and  stouter 
than  the  other  spinelets.  Abactinal  plates  broadly  ellipitical  to 
subcircular. 

Superomarginals,  39  or  40.  The  lateral  face  is  about  half  as  high 
as  width  of  dorsal,  and  on  the  well-roimded  margin  between  the  two, 
and  near  the  distal  edge  of  plate,  are  borne  1,  2,  or  3  short,  flattened, 
sharp,  appressed  spines.  The  plate  is  covered  with  appressed, 
pointed  squamules,  which  become  slender  small  spinelets  around  the 
borders  of  the  plate,  and  especially  in  the  shallow  transverse  chan- 
nels between  the  plates.  Terminal  plate  shorter  and  more  ovoid 
than  in  ewryactia. 

Inferomarginal  plates  with  a  lateral  comb  of  about  5  spines  very 
similar  to  those  of  eurycuctis^  and  along  the  distal  margin  of  the 
actinal  surface,  are  proximally  3  or  4  appressed  shorter  spines,  which 
are  reduced  distally  to  2  and  finally  to  1.  The  second  lateral  series 
is  variable  but  usually  fairly  well  developed,  with  3  to  5  spinules 
lying  parallel  to  and  under  the  upper  half  of  the  primary  series. 
It  extends  typically  farther  along  the  ray  than  in  euryactis.  The 
plates  are  covered  with  flat  round-tipped  squamules,  becoming  longer 
at  inner  end  of  plate  and  resembling  those  of  euryactis. 

The  actinal  intermediate  plates,  owing  to  the  narrowness  of  the 
ray,  are  very  small  beyond  the  proximal  third  or  fourth,  and  al- 
though they  extend  to  the  twentieth  or  twenty-first  inferomarginal, 
or  a  little  over  one-half  the  length  of  ray,  they  are  practically  rudi- 
ments attached  to  the  inner  edge  of  the  inferomarginals.    The  inter- 
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radial  areas  are  small.  The  plates  bear  groups  of  rather  slender 
spinelets,  and  in  the  interradial  areas  usually  a  central  appressed 
spine,  except  on  the  plates  adjacent  to  the  adambulacrals,  which  bear 
pectinate  or  pectinate-fasciculate  pedicellariae  with  6  to  10  pointed 
jaws. 

Adambulacral  armature  similar  to  that  of  euryactis^  but  furrow 
spines  7  or  8,  the  eighth  being  usually  a  shorter  spine  at  the  adoral 
end  of  the  series.  Proximally  there  are  8  or  9  subambulacral  spines. 
slender,  terete,  blunt,  much  shorter  than  the  furrow  spines  and  in 
2  longitudinal  series;  distally,  10  or  12  similar  but  relatively  a  little 
shorter  spinules  in  2  series,  with  often  the  beginning  of  a  third,  on 
the  outer  part  of  plate. 

The  mouth  plates  do  not  seem  to  differ  constantly  from  those  of 
euryactia. 

Madreporic  body  similar  to  that  of  euryactis^  situated  at  middle 
of  r ;  striae  numerous,  rather  fine,  raidating  from  near  center. 

Anatomicdl  notes. — ^The  only  internal  features  that  show  a^  tangible 
difference  from  those  of  euryactis  are  the  Polian  vesicles  and  intesti- 
nal coecum.  The  latter  is  of  the  same  general  form,  but  smaller,  while 
the  former  has  a  larger  distal  portion  with  fewer  coecal  appendages. 
It  is  not  unlikely  that  the  form  varies  greatly  with  the  degree  of 
expansion  of  the  bladderlike  portion,  and  the  size  of  course  would 
vary  similarly. 

Type.— Ceit.  No.  30522,  U.S.N.M. 

Type-locality.— Station  6326,  off  northern  Luzon  (lat.  18°  32'  35" 
N.;  long.  122°  01'  E.),  230  fathoms,  mud;  bottom  temperature, 
65.4°  F. 

Distribution. — Known  only  from  off  northern  Luzon. 

Specimens  examined. — Seven ;  3  from  type-locality,  and  4  from  the 
following  stations: 

Station  5325,  vicinity  of  type-locality,  224  fathoms,  green  mud, 
bottom  temperature  53.2°  F. ;  1  specimen. 

Station  5328,  vicinity  of  type-locality,  150  fathoms,  blue  mud,  bot- 
tom temperature  53.2°  F. ;  1  specimen. 

Station  5329,  vicinity  of  type-locality,  212  fathoms,  blue  mud,  bot- 
tom temperature  51.4°  F. ;  2  specimens. 

Remarks. — ^This  species  resembles  both  P.  euryactis  brevispinus 
and  P.  tenuis.  It  differs  from  P.  anchisttcs  in  having  the  actinal  in- 
f eromarginal  spines,  and  in  having  narrower  rays,  narrower  paxillar 
area,  shorter  paxillar  spinelets,  and  a  less  extensive  series  of  actinal 
intermediate  plates  on  the  ray.  It  is  perhaps  a  little  farther  removed 
from  P.  euryactis  than  is  P.  anchistus^  and  it  stands  about  midway 
between  euryactis  and  tenuis.  If  ancMstus  and  luzonicus  are  re- 
garded  as  varieties  of  euryactis^  then  it  will  be  difficult  to  consider 
tenuis  more  than  a  variety  of  luzonicus.    The  result  would  be  the 
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association  of  very  dissimilar  forms  under  one  specific  name,  yet 
notwithstanding  this  they  may  each  represent  but  a  form  of  a  highly 
polymorphic  species.  I  know  of  no  way  to  settle  the  question  with 
the  available  material.  The  presence  of  gaps  between  the  types  has 
been  my  reason  for  regarding  them  as  separate  species. 

PERSEPHONASTEB  TENUIS  Flaher. 

Plate  22,  fig.  1 ;  plate  28,  fig.  2 ;  plate  30,  fig.  1 ;  plate  37,  figs.  1,  la-<l. 
Persephonoiter  tenuis  Fisheb,  1913a,  p.  615. 

Diagnosis. — ^A  slender-rayed  species  with  blocklike  conspicuous 
marginals,  which  are  not  markedly  tumid  as  in  the  "cingulate" 
species  such  as  multicinctus^  dngvlatus^  and  roulei;  superomarginals 
with  slightly  wider  dorsal  than  lateral  face;  lateral  face  of  ray  per- 
pendicular, the  upper  and  lower  margin  evenly  and  abruptly  rounded ; 
superomarginal  plates  without  conspicuous  spines;  inferomarginals 
narrow,  with  lateral  comb  of,  proximally,  5  rather  short  slender  ap- 
pressed  spines,  and  1  actinal  spinule  on  the  proximal  plates  only; 
furrow  spines  7  or  8;  subambulacrals  4  to.  7  proximally,  distally  8 
to  10;  a  ^w  fasciculate  adambulacral  pedicellariae.  R=81  mm., 
r=18  mm.,  R=4.5  r ;  breadth  of  ray  at  base,  20  mm.,  at  tenth  supero- 
marginal, about  11  mm. 

Description, — Paxillar  area  rather  narrow,  but  superomarginals 
narrower  than  in  luzonicuSy  so  that  the  area  appears  wider  than  in 
that  species  (although  of  about  the  same  width).  Paxillae  arranged 
as  in  foregoing  species  and  of  nearly  the  same  size  and  shape,  being 
low  tabulate  but  with  slightly  larger  and  fewer -spinelets.  A  large 
paxilla  from  interradial  area  has  about  15  to  18  peripheral  and  8  to 
12  central,  terete,  slender,  blunt,  or  bluntly  pointed  spinelets,  a  little 
longer  than  the  low  tabulum.  Many  paxillae  have  an  inconspicuous 
central  fasciculate  or  fasciculate-pectinate  pedicellaria  with  4  to  6 
spiniform  jaws. 

Superomarginals  37,  much  less  tumid  than  in  multidnctus^  and 
about  as  tumid  as  in  luzonicus;  dorsal  face  slightly  wider  than  the 
lateral,  the  angle  between  the  two  evenly  rounded.  The  transverse 
fascioles  between  the  plates  are  shallow  and  more  abrupt  than  in 
multicinctus^  the  tumidity  being  near  the  aboral  margin  and  not  in 
the  middle.  Plates  covered  with  very  small,  slender  appressed  squami- 
form  spinelets,  which  beyond  the  middle  of  ray  become  enlarged 
into  1  to  3  short  appressed  inconspicuous  spinules.  Terminal  plate 
slender,  subcylindrical,  longer  than  wide,  with  a  conspicuous  ter- 
minal spine  and  a  much  smaller  spinelet  on  either  side. 

Inferomarginals  narrower  than  in  luzonicus;  lateral  face  a  little 
narrower  than  that  of  superomarginals  and  bearing  a  slightly  ob- 
lique comb  of  proximally  5,  distally  3  or  4,  slender,  appressed,  sharp 
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spines,  the  lowest  but  one  usually  the  longest,  and  the  lowermost 
next  longest,  the  former  slightly  exceeding  the  plate  in  length. 
Underneath  the  upper  members  of  this  series,  on  the  first  few 
plates,  a  rudiment  of  the  second  comb  is  usually  present  and  the 
first  half  dozen  plates  have  a  small  solitary  spinule  near  the  middle 
of  the  actinal  surface  and  distal  margin  of  the  plate — a  rudiment 
of  the  actinal  spines  of  liceonicus  and  ev/ryactis.  The  actinal  sur- 
face of  the  plates  is  much  narrower  than  in  luzonicas  and  a  trifle 
wider  than  in  midticinctvs.  The  general  covering  of  the  plat^  con- 
sists of  appressed,  uncrowded,  squamules  round  tipped  at  base  of 
ray,  becoming  pointed  distally. 

Actinal  intermediate  plates  small  on  the  ray,  a  single  series  ex- 
tending to  the  tenth  inf eromarginal  or  less  than  one-third  the  length 
of  ray  measured  along  side.  For  the  length  of  5  inferomarginals 
beyond  this  point  the  series  is  continued  by  a  variable  number  of 
minute  rudiments  not  visible  unless  the  inner  end  of  the  inferomar- 
ginals is  cleaned  of  spinelets.  In  a  transverse  series  between  the 
first  adambulacral  and  inferomarginal  are  5  small  plates.  The 
plates  bear  spaced  groups  of  4  to  8  lanceolate,  papilliform,  blunt, 
spinelets,  the  central  one  being  sometimes  enlarged.  Several  plates 
adjacent  to  the  adambulacrals  bear  a  pectinate  or  fasciculate-pecti- 
nate pedicellaria  with  6  or  8  teeth. 

Adambulacral  armature  of  the  type  of  the  foregoing  species. 
Furrow  comb  of  7  or  8  spines,  the  laterals  the  shortest,  so  that  the 
end  of  the  fan  has  a  curved  contour.  Proximal  plates  with  4  to  7 
subambulacral  spines  in  a  single  series,  with  a  spine  or  2  out  of 
line,  and  distally  ^  or  10  in  2  or  3  series,  all  much  shorter  than  the 
furrow  spines.  On  a  few  plates  some  of  the  spines  form  a  simple 
fasciculate  pedicellaria,  and  are  not  appreciably  modified.  The  first 
and  second  plates  are  conspicuously  compressed,  the  first  with  a 
double  pectinate  transverse  series  of  14  to  16  spines. 

Mouth  plates  and  armature  similar  to  forgoing  species.  The 
marginal  spines  below  the  base  of  the  large  inner  tooth  are  short 
conical  and  bluntly  pointed  and  form  a  fascicular  group  of  6  or  7 
resembling  a  pedicellaria.  The  portion  of  the  series  on  a  level  with 
the  teeth  consists  of  3  or  4  small  spines;  the  inner  tooth  is  thick, 
slightly  tapered  and  blunt.  The  superficial  spines  are  in  2  series 
on  each  plate,  the  inner  next  to  suture  reaching  the  outer  end  of 
plate  and  consisting  of  rather  thick,  blunt,  lanceolate  spinules;  the 
intermediate  spines  are  irregularly  placed,  much  smaller,  and  do 
not  attain  the  outer  end  of  plate. 

Madreporic  body  medium-sized,  the  adcentral  edge  being  at  the 
middle  of  r. 

Type.—Csit.  No.  30523,  U.S.N.M. 
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Type-locaiUy. — Station  6301,  China  Sea,  vicinity  of  Hongkong 
<lat-  20°  37'  N.;  long.  115°  43'  E.),  208  fathoms,  gray  mud,  sand, 
bottom  temperature  50.5°  F.;  1  specimen. 

Distribution. — China  Sea,  vicinity  of  Hongkong. 

Specimens  exammed. — ^The  type,  and  1  specimen  from  station 
5302,  near  type-locality  38  fathoms,  soft  gray  mud  (probable  error 
in  locality). 

Remarks. — This  species  differs  from  Iv^onicus  in  having  still  nar- 
rower rays;  superomarginals  which  encroach  less  upon  the  paxillaif 
area,  and  which  have  proportionately  higher  lateral  faces;  more 
delicate  superomarginal  spinelets;  practically  no  specialized  spines, 
except  a  very  small  one  on  the  distal  plates;  actinally  narrower  in- 
feromarginal  plates  with  only  1  small  actinal  spine  on  a  few  proxi- 
mal plates;  shorter  lateral  spines;  more  restricted  actinal  interme- 
diate plates;  adambulacral  pedicellariae ;  proximally  fewer  subam- 
bulacral  spines;  longer  and  slenderer  terminal  plate.  The  narrow 
rays,  narrow  inferomarginals  and  superomarginals,  shorter  lateral 
spines,  and  the  short  series  of  actinal  intermediate  plates  are  am/)ng 
the  differences  separating  tenuis  from  euryactis  and  anchistus. 
From  m^ticinctus^  tenuis  differs  in  not  having  such  tumid  marginal 
plates,  in  having  shorter  lateral  spines,  no  superomarginal  spine, 
fewer  furrow  spines,  smaller  paxillae,  and  a  more  pronounced  angle 
between  the  actinal  and  lateral  faces  of  the  inferomarginal  plates. 
In  mtdticinctus  the  actinal  surface  of  the  plates  is  beveled  and  the 
outer  end  quite  tumid.  An  additional  difference  is  the  absence  in 
tenuis  (and  in  the  other  preceding  species)  of  the  specialized  abac- 
tinal  pedicellariae.  These  occupy  low  plates  independent  of  the 
paxillae. 

PsUaster  gracilis  Sladen  seems  to  be  an  aberrant  Persephonastevj 
with  much  reduced  marginals.  It  differs  from  PsHaster  and  agrees 
with  PersepJuynaster  in  having  at  the  base  of  each  tooth  a  group  of 
spinelets — ^a  part  of  the  marginal  series — directed  across  the  mouth 
of  the  furrow.  P.  gracilis  has  even  more  attenuate  rays  than  P. 
tenuis^  and  has  much  smaller  marginal  plates.  The  inferomarginals 
are  narrow  and  rounded,  without  a  prominent  actinal  face,  and  the 
mouth  plates  are  smaller,  with  a  smaller  tuft  of  spinelets  at  the 
mouth  of  furrow. 

PEBSEPHONASTER  MULTICINCTUS  Fisher. 

Plate  25,  fig.  1 ;  plate  26,  fig.  1 ;  plate  27,  fig.  1 ;  plate  37,  flga  2,  2a-c. 

PersepJtonaster  multicinctus  Fisheb,  1913a,  p.  616. 

Diagnosis. — Of  the  type  of  P.  cingulatus  Fisher  and  related  to  P. 
roulei  Koehler,  from  which  it  differs  in  having  abactinal  and  mar- 
ginal pedicellariae;  fewer  paxillar  spinelets;  a  slender  appressed, 
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central  superom'arginal  spine,  forming  a  single  longitudinal  series 
along  ray  (not  2  conical  robust  ones,  forming  2  parallel  series  along 
ray) ;  more  numerous  furrow  spines.  Disk  larger  than  in  either 
cingulatua  or  rovlei.  R=110+mm.  (tip  of  ray  broken),  r=24  mm., 
R=4.6+r;  breadth  of  ray  at  base  28  mm.  Interbrachia  open;  rays 
tapering  very  gradually;  height  of  ray  at  base  less  in  proportion  to 
width  than  in  cingulatus  or  patoffiatus. 

Description. — Marginal  plates  massive,  tumid,  the  superior  series 
'encroaching  markedly  upon  paxillar  area;  the  latter  narrow  on  rays, 
beyond  the  middle  being  about  as  wide  as  a  corresponding  supero- 
marginal.  Paxillae  small,  with  a  low  pedicel  surmounted  by  a  flat- 
topped  group  of  terete,  blunt  spinelets  as  long,  or  slightly  longer 
than  height  of  tabulum.  Largest  paxillae,  at  base  of  rays  and  on 
disk  at  middle  of  r,  with  about  a  dozen  peripheral  and  5  to  7  central 
spinelets.  Far  along  ray  the  spinelets  are  much  higher  than  tabulmn 
and  as  few  as  2  or  3,  more  often  5  to  8  in  a  coordinate  group. 
Scattered  over  the  paxillar  area  are  fairly  numerous  plates  without  a 
perceptible  tabulum  and  with  2  to  10  tapering,  pointed  spinelets, 
markedly  stouter  than  those  of  the  regular  paxillae,  and  forming 
fasciculate  or  fasciculate-pectinate  pedicellariae.  Plates  interme- 
diate between  these  and  the  normal  paxillae  are  observable.  Some- 
times the  spines  form  two  opposed  rows,  sometimes  are  grouped  in  a 
circle. 

Superomarginals  over  40,  shaped  as  in  P.  (Angulaius^  the  median 
transverse  line  being  covered  with  scalelike  granules,  the  slopes  on 
either  side  with  tiny  terete  spinelets.  Near  middle  of  plate  are  one 
or  2  slender  appressed,  sharp,  flattened  spinules  not  as  long  as  the 
plate  (absent  from  6  or  7  interbrachial  plates).  Each  plate  also  has 
several  inconspicuous  fasciculate  pedicellariae,  modified  from  both 
the  slender  and  the  scalelike  spinelets,  and  occurring  on  both  upper 
and  lateral  faces  of  plate. 

Inf  eromarginals  corresponding  to  superomarginals  in  number  and 
position,  tumid  and  encroaching  upon  actinal  area  about  as  much  as 
in  cmgulatu8.  Proximally  the  plates  bear  a  lateral  oblique  comb  of 
3  or  4  slender,  flat,  sharp,  appressed  spines,  about  the  same  length  as 
in  cinguldtua  (but  fewer).  The  general  covering  of  the  plates  con- 
sists of  squamiform  granules,  or  spinelets,  becoming  more  spiniform 
on  the  margins.  There  is  also  a  fasciculate  spiniform  pedicellaria 
near  the  upper  margin  of  most  of  the  plates. 

Actinal  interradial  areas  small;  the  first  series  of  intermediate 
plates  extending  to  the  eighteenth  inf  eromarginal,  or  half  the  length 
of  ray,  the  outer  plates  being  small  and  rudimentary ;  the  second  series 
to  the  sixth  plate;  the  third  series  to  the  third  plate,  while  in  the 
first  interradial  series  between  mouth  and  first  inferomarginal  plates 
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7  plates  occur,  and  in  the  next  2,  also  meeting  the  first  inferomar- 
ginal,  are  6  and  6  plates,  respectively.  The  covering  of  the  inter- 
mediate plates  resembles  that  of  cmgulatus^  but  the  spinelets  are  even 
more  numerous  and  each  interradial  triangle  contains  about  10  or  12 
slender  elongate  spines  and  a  very  few  fasciculate  pedicellariae,  with 
4  or  5  spiniform  jaws  on  the  plates  adjacent  to  adambulacrals. 

Adambulacral  plates  with  a  curved  furrow  margin,  9  furrow  and 
2  longitudinal  series  of  slender,  membrane-covered,  rather  fleshy 
subambulacral  spines,  about  6  in  the  inner  series  and  4  to  7  slightly 
shorter  ones  in  the  second.  The  tips  of  the  furrow  comb  form  a 
straight  or  only  slightly  curved  contour,  and  the  armature  is  of  the 
type  of  cingulatus.  The  subambulacral  spines  have  a  conspicuous 
lateral  flange  of  skin,  and  look  as  if  webbed  for  more  than  half  their 
length.  They  are  not,  however.  The  appearance  is  due  to  the  juxta- 
posed edges  of  the  vanes.  On  the  first  to  the  third  plates  a  few 
actinal  spinelets  may  be  coordinated  into  a  conical  pedicellaria. 

Mouth  plates  with  a  very  large,  broadly  lanceolate,  inner  tooth. 
ITie  true  furrow  series  forms  a  very  acute  angle  on  the  level  of  the 
base  of  this  spine  in  such  a  way  that  a  horizontal  or  oblique  double 
series  of  altogether  six  or  seven  spinelets  projects  across  mouth  of 
furrow,  near  the  peristome.  Ten  or  more  additional  spinelets  con- 
tinue this  series  from  the  base  of  the  tooth  along  the  true  margin 
of  plate  to  the  outer  end,  and  considerably  above  (as  viewed  ac- 
tinally)  the  double  angular  series  referred  to  above.  There  are 
numerous  suboral  spinules  in  2  additional  (interradial)  series  much 
as  in  cingulatus. 

Madreporic  body  small,  very  convex,  on  the  marginal  side  of  the 
center  of  r.    Striae  like  those  of  cingulatus. 

Type.— Ceit.  No.  30524,  U.S.N.M. 

Type-locality.— Stsition  5648,  Buton  Strait,  Celebes  (lat.  5°  35'  S.; 
long.  122®  20'  E.),  559  fathoms,  green  mud,  bottom  temperature 
39.2®  F. 

Remarks. — ^This  species  differs  from  P.  cingulatus  in  having 
much  smaller  paxillae,  abactinal  and  numerous  marginal  fasciculate 
or  f asciciilate-pectinate  pedicellariae,  1  or  2  slender  appressed  supero- 
marginal  spines,  fewer  inferomarginal  spines,  smaller  inferomar- 
ginal  squamiform  granules  or  spinelets;  much  heavier  teeth;  larger 
disk;  and  the  combined  marginal  plates  are  lower  in  proportion  to 
width  of  ray. 

PEBSEPHONASTER  SULUENSIS  Fisher. 

Plate  22,  fig.  2 ;  plate  23,  fig.  1 ;  plate  38,  figs.  1,  lo-e. 
Persephonaster  aulucTisis  Fisher,  1913a,  p.  617. 

Diagnosis. — Near  P.  multicinctus.  Differs  in  having  the  supero- 
marginal  plate  with  the  transverse  ridge  between  the  center  and 
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aboral  margin  of  the  plate,  not  in  the  center;  inferomarginals  appre- 
<;iably  broader,  with  less  crowded  squamules;  furrow  spines  7  or  8: 
marginal  fan  of  mouth  spines  prominent,  5  to  7,  nearly  as  long  ts 
first  adambulacral  furrow  spines.  R=61  mm.,  r=14  mm.,  R=4^  r: 
breadth  of  ray  at  base,  about  16  mm. 

Description. — ^The  difference  in  the  appearance  of  the  abactinal 
surface  of  auluensis  and  multicincisus  is  chiefly  due  to  the  more  evi- 
dent tumidity  of  the  latter's  superomarginals,  and  the  position  of 
the  summit  of  this  on  the  median  transverse  line  of  the  plate — not 
near  the  distal  margin.  The  superomarginals  of  siUuensis  are  not 
evenly  rounded  from  the  inner  to  the  lower  or  outer  margin  but  have 
a  fairly  plane  and  horizontal  dorsal  facet  at  nearly  right  angles  U 
the  lateral,  the  margin  of  the  ray  being  abruptly  rounded.  In  stdu- 
snsis  the  spinelets  of  the  exposed  surface  are  lanceolate  squamules. 
while  in  muUicinctus  a  narrow  transverse  band  is  clad  with  roundiai 
squamiform  granules  abruptly  larger  than  the  other  spinelets.  In 
^likiSQiais  the  inferomarginals  extend  laterally  slightly  beyond  the 
superomarginals,  and  the  lateral  comb  consists  of  proximally  4  and 
distally  3  sharp,  slender  appressed  spines.  The  first  2  or  3  platen 
may  have  a  rudiment  of  the  second  comb,  covered  by  the  upper 
spines.  This  is  lacking  in  rnAdticvrictua^  and  the  inferomarginals  do 
not  extend  laterally  beyond  superomarginals.  The  plates  are  wider 
and  the  actinal  surface  more  nearly  plane  than  in  mutticinotus.  On 
the  first  8  plates  a  delicate  spinule,  spaced  from  the  lateral  comb 
stands  on  the  adoral  margin,  as  in  tenuis.  (In  mvltidnctits  this 
spine  is  present  but  larger,  and  a  second  may  be  present  on  the  fir^ 
5  or  4  plates.)  The  squamules  covering  the  plates  are  lanceolate  to 
oval,  smaller  than  in  multicinctus^  and  slightly  spaced,  not  crowded 
and  overlapping. 

The  abactinal  paxillae  are  about  the  same  size  as  in  nmlticinctm. 
A  large  paxilla  has  15  to  18  peripheral  and  8  to  10  central,  delicate, 
terete,  spinelets,  shorter  than  the  low  pedicels.  The  pedicellariae  are 
distinctly  larger  than  neighboring  paxillae  and  have  4  to  8  pointed 
jaws,  either  forming  2  opposing  rows,  or  a  circle.  There  are  a  num- 
ber of  low  paxillae,  with  spinelets,  in  addition  to  the  pedicellariae, 
forming  a  transition  between  normal  paxillae  and  the  low  pedicel- 
larian  plate.  In  proportion  to  the  neighboring  plates  the  pedicel- 
lariae of  svZuensis  are  larger  than  in  m/ulticinctusy  in  which  the 
pedicellariae  are  equal  to  the  paxillae,  or  sometimes  a  trifle  smaller 
or  a  trifle  larger,  but  not  conspicuously  larger. 

Actinal  intermediate  plates  extending  nearly  two-thirds  length  of 
ray,  but  the  outer  ones  are  minute  and  rudimentary.  In  muUicinctyf 
they  extend  half  the  length  of  ray.  The  plates  bear  groups  of  rather 
numerous,  slender,  spinelets,  with  one  enlarged,  in  the  interradial 
region.    Most  of  the  proximal  plates  adjacent  to  the  adambulacrak 
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bear  fasciculate  pedicellariae.  These  are  present  in  multicinctus^  but 
are  much  smaller,  as  they  never  occupy  the  whole  plate.  The  en- 
larged spinules  are  larger  in  multicinctvs. 

Mouth  plates  with  a  conspicuous  lateral  fan  of  5  to  7  marginal 
spines,  nearly  as  long  as  the  first  adambulacral  furrow  spines,  and 
the  usual  oblique  double  series  of  about  10  spinelets  between  the  base 
of  tooth  and  peristome.  The  superficial  spines  are  in  2  series  on 
each  plate,  and  the  marginal  series  is  carried  to  the  outer  end  of  plate 
by  several  additional  small  spinelets.  The  teeth  are  much  as  in  sev- 
eral other  species,  rather  long,  stout,  slightly  swollen,  with  a  blunt 
tip.  In  rrmltiemctus  the  lateral  marginal  comb  is  much  less  con- 
spicuous. 

Type.— Cat.  No.  30525,  U.S.N.M. 

Type-locality. — Station  5424,  Sulu  Sea,  near  Cagayanes  Islands, 
340  fathoms,  coral  sand,  bottom  temperature  50.4°  F.;  1  specimen. 

Remarks. — This  species  is  similar,  also,  to  P.  tenuis^  but  differs  in 
the  presence  of  the  conspicuous  though  small  superomarginal  spine, 
the  wideF  inferomarginals,  the  much  less  compressed  first  adambu- 
lacral plates,  the  longer  and  more  numerous  marginal  mouth  spines, 
the  proximal  subambulacrals  in  2  series,  and  the  specialized  abactinal 
pedicellariae.  From  avluerms^  luzonicus  differs  in  having  con- 
spicuously wider  marginal  plates,  no  specialized  abactinal  paxillae, 
and  in  lacking  all  but  rudiments  of  the  actinal  inf  eromarginal  spines 
and  the  second  lateral  comb.  P.  anchistus  which,  like  suiuensis^  lacks 
the  actinal  inferomarginal  spines,  differs  in  having  wider  rays,  more 
depressed  superomarginals,  no  specialized  abactinal  paxillae,  usually 
more  numerous  superomarginal  spines,  longer  paxUlar  spinelets,  a 
more  extensive  series  of  actinal  intermediate  plates.  The  oral  and 
adambulacral  armature  is  much  alike  in  both  species,  but  the  dis- 
tinctly broader  rays  and  more  depressed  marginals  of  anchistus  will 
serve  to  separate  it  at  once.  It  is  probable  that  svJAiensis  is  rather 
closely  related  to  anchistusj  as  well  as  to  muUicinctus^  although  the 
curious  pedicellariae  are  lacking  in  anchiatua^  the  less  specialized 
paxiUar  type  only  being  present. 

PERSEPHONASTEB  OEDIPLAX  Fisher. 

Plate  22,  figs.  3,  4;  plate  23,  fig.  4;  plate  31,  figs.  2,  3 ;  plate  38,  figs.  2,  2a-(f. 

PerneplwnoBier  oediplax  Fisheb,  1913a,  p.  617. 

Diagnosis. — ^Marginal  plates  small  and  tumid,  the  superomarginals 
bearing  a  central  or  subcentral  small  spine,  or  distally  2 ;  the  infero- 
marginals extending  laterally  slightly  beyond  superomarginals,  the 
tumid  outer  end  bearing  a  narrow  comb  of  3  or  2  slender  appressed 
spines;  no  actinal  inferomarginal  spines;  superomarginal,  infero- 
marginal, abactinal,  actinal  intermediate,  and  subambulacral  fasci- 
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culate  pedicellariae;  furrow  spines  6  or  7,  rather  long,  slender,  com- 
pressed ;  subambulacral  spines  8  to  12,  slender  and  short.  Bays  long, 
of  medium  width,  thin  and  with  an  attenuate  extremity.  K=95 
nmi.,  r=20  mm.,  R=4,75  r;  breadth  of  ray  at  base,  22  mm.;  breadth 
at  two-thirds  r,  8  mm. 

Description. — Rays,  slightly  variable  in  width,  but  of  medium 
breadth,  appressed,  the  marginal  plates  forming  a  thin  edge.  The 
superomarginals  do  not  encroach  much  upon  paxillar  area  and  in 
consequence  the  latter  is  broad.  Abactinal  integument  rather  thin 
and  flexible,  and  the  paxillae  in  consequence  of  the  upright  position 
of  their  spinelets,  appear  spaced.  Arrangement  of  paxillae  typical 
of  Persephonaster.  Paxillae  largest  on  interradial  regions  and  adja- 
cent portions  of  the  base  of  ray  where  they  are  of  medium  size,  and 
consist  of  15  to  20  terete  pointed  spinelets  longer  than  the  rather  low 
pedicel.  In  the  center  of  the  disk  the  paxillae  are  very  slender,  with 
8  or  10  spinelets,  the  pedicel  being  longer,  shorter,  or  equal  to  them 
in  length.  Many  paxillae  have  a  fasciculate  pedicellaria  of  slightly 
thickened  spinelets. 

Abactinal  plates  irregularly  elliptical  on  papular  areas  and  more 
roundish  on  median  radial  line.  Plates  of  the  transverse  series  touch 
each  other  or  even  overlap  slightly  but  consecutive  series  are  spaced. 
Many  of  the  plates  of  the  outer  half  of  ray  are  shaped  like  an  open 
fan,  and  the  transverse  rows  are  little  or  not  at  all  interrupted  on 
the  radial  line.  Papulae  absent  from  small  area  at  center  of  disk  and 
along  a  narrow  radial  band. 

Superomarginals,  40  in  number,  are  quite  small  and  form  a  nar- 
row border  to  paxillar  area,  the  inferomarginals  extending  laterally 
beyond  them  and  forming  a  scalloped  margin  to  the  ray.  In  the 
interbrachial  angle  the  plates  are  wider  than  long,  then  they  become 
square,  and  beyond  the  first  third  of  the  ray  the  length  gradually  in- 
creases over  the  width,  as  the  plates  become  smaller  and  smaller. 
The  plates  are  tumid,  the  apex  of  the  tumidity  bearing  a  short,  coni- 
cal spine  and  moving  from  the  middle  of  the  plate  (at  base  of  ray) 
to  a  little  distad  of  the  middle.  On  the  outer  fourth  of  the  ray  the 
plates  are  not  tumid,  and  have  2  or  3  spines  in  a  transverse  series. 
The  plates  are  covered  with  a  fine  nap  of  very  delicate  spinelets,  be- 
coming appressed  around  the  base  of  the  spine  and  most  of  them 
have  1  or  2  small  fasciculate  pedicellariae  near  the  inner  edge.  Ter- 
minal plate  very  slender,  subcylindrical,  round-tipped,  with  a  stout 
terminal  spine  and  2  or  3  smaller  ones  on  either  side. 

Inferomarginals  on  first  third  of  ray  equal  in  width  to  1.5  the 
length ;  at  middle  of  ray  the  width  only  slightly  exceeds  the  length. 
From  this  point  the  ray  becomes  rapidly  very  attenuate,  and  the 
plates  are  longer  than  wide.  Most  of  the  width  of  plate  is  occu- 
pied by  the  actinal  face,  the  lateral  facet  being  low,  not  half  as  wide 

Digitized  by  VjOOQIC 


STABPISHES  OF  THE  PHILIPPINE  SEAS.  129 

as  the  actinal.  This  outer  end  is  tumid  and  bears  a  short  oblique 
comb  of  3,  distally  often  2,  slender,  tapering,  sharp,  appressed  spines, 
the  middle,  or  the  2  lower  the  longest,  or  sometimes  the  lowest.  At 
the  first  third  of  the  ray  the  longest  spine  equals  2  or  2^  plates,  and 
the  comb  often  is  largely  abactinal  in  position,  the  spines  resting  on 
or  against  the  superomarginals.  The  first  3  or  4  plates  may  have  4 
spines  in  the  comb,  with  an  additional  actinal  spinule,  and  1  or  2 
spinules  out  of  place  in  front  of  the  comb.  Plates  covered  with 
spaced,  rather  slender,  flattened,  appressed  spinelets,  sometimes 
broader  and  more  scalelike.  The  first  few  plates  usually  have  1 
or  2  fasciculate  pedicellariae  near  the  inner  edge  consisting  of  about 
6  stubby  spinelets  and  another  at  the  outer  end,  near  the  base  of  the 
uppermost  lateral  spine,  this  upper  pedicellaria  persisting  to  the 
outer  part  of  the  ray. 

Actinal  interradial  areas  small;  intermediate  plates  extending  to 
twenty-first  inferomarginal  or  about  two-thirds  length  of  ray.  They 
are  very  small  and  well  spaced  beyond  the  first  fourth  of  the  ray. 
Plates  slightly  convex  and  armed  with  spaced  groups  of  rather  slen- 
der papilliform  spinelets,  which,  on  a  variable  number  of  plates  in 
the  interradial  areas  form  fasciculate  or  pectinate  pedicellariae.  The 
pedicellarian  spinelets  are  coarser  and  shorter  than  the  others. 

Proximal  adambulacral  plates  wider  than  long,  then  as  wide  as 
long,  and  beyond  middle  of  ray  increasingly  longer  than  wide. 
Sutures  very  broad.  Furrow  spines  6  or  7,  slender,  compressed, 
pointed,  and  rather  long.  When  there  are  6,  the  spines  are  nearly 
equal,  the  median  being  a  trifle  the  longest.  When  there  are  7,  either 
or  both  lateral  members,  especially  at  base  of  ray,  are  conspicuously 
shorter.  Subambulacral  spines  8  to  12,  slender,  pointed,  much 
shorter  than  furrow  spines  and  arranged  in  about  2  irregular  series, 
or  on  the  first  2  or  3  plates  in  2  or  3  irregular  transverse  series,  or 
without  any  regularity.  A  variable  number  of  plates  bear  1  or  2 
fasciculate  pedicellariae  with  4  to  6  jaws.  These  jaws  are  slightly 
more  pointed  subambulacral  spines.  Rarely  all  the  subambulacral 
spinelets  form  a  sort  of  pectinate  pedicellaria.  In  the  type  most  of 
the  plates  except  on  the  attenuate  outer  part  of  the  ray  have  pedi- 
cellariae, but  a  specimen  from  station  5215  is  poorly  provided. 

Mouth  plates  of  the  usual  Peraephonaster  type.  At  the  inner 
angle  of  the  combined  plates  are  2  broad,  flattened,  blunt,  petaloid 
spines.  Between  each  of  these  and  the  peristome  is  an  oblique  verti- 
cal double  row  (or  really  a  very  acutely  angular  series,  apex  toward 
peristcane)  of  about  10  pointed  spinelets  resembling  a  pectinate 
pedicellaria.  The  marginal  series,  on  the  furrow,  at  level  of  inner 
tooth,  consists  of  3  to  5  rather  conspicuous  slender  lanceolate  spines 
appressed  against  the  smaller  suboral  spines,  of  which  there  are 
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generally  2  series  to  each  plate,  that  bordering  the  median  sutuw 
consisting  of  10  to  14  short,  stout,  blunt,  spinelets.  The  other  or  in- 
termediate series  is  less  regular  and  is  composed  of  8  or  10  shorter 
spinelets.  A  third  series  continues  the  marginal  series  along  the  lat- 
eral suture.  That  the  teeth  are  occasionally  broken  in  life  is  shown 
by  their  absence  on  2  mouth  angles  of  the  type,  and  by  regenerating 
members  in  2  other  angles. 

Madreporic  body  very  convex,  situated  its  own  diameter  nearer  the 
margin  from  the  middle  of  r. 

Anatomical  notes. — Intestinal  coecum  butterfly-shaped,  the  great- 
est diameter  about  one-half  r.  Polian  vesicles  rather  large  with  numer- 
ous small  diverticula  scattered  over  the  surface  of  the  enlarged  distal 
portion.  Superambulacral  ossicles  slender,  and  rather  long,  but  ab- 
sent from  the  first  3  ambulacral  ossicles.  The  intermarginal  pores, 
described  under  P,  euryactis  brevispinicsj  are  well  developed,  the 
largest  being  the  median  interradial,  which  as  seen  from  the  coelwnic 
side  has  a  diameter  about  one-third  that  of  the  plates  adjacent. 
From  the  outside,  when  the  plates  are  carefully  cleaned,  the  pore  is 
visible  at  the  point  where  the  transverse  suture  between  a  pair  of 
superomarginals  meets  the  intermarginal  suture  (between  the  i 
series),  but  is  covered  with  skin.  There  does  not  seem  to  be  any 
structure  resembling  a  papula.  The  other  pores  are  similar  and  de- 
crease gradually  in  diameter,  becoming  very  tiny  at  the  middle  of 
ray,  and  soon  ceasing. 

Type— Chi.  No.  30526,  U.S.N.M. 

Type-locality. — Station  5123,  east  coast  Mindoro,  283  fathoms, 
green  mud ;  2  specimens. 

Distribution. — Known  only  from  east  of  Masbate  and  east  coa^ 
of  Mindoro,  and  neighboring  waters,  283  to  604:  fathoms. 

Specimens  examined. — Six;  2  from  type-locality  and  4  from  the 
following  stations: 

Station  6215,  east  of  Masbate  Island,  604  fathoms,  green  mud,  bot- 
tom temperature  50.5°  F. ;  1  specimen. 

Station  5219,  between  Marinduque  and  Luzon,  530  fathoms,  green 
mud,  sand ;  3  specimens. 

Remarks. — P.  oediplax  differs  from  such  species  as  euryactis,  an- 
chistus,  and  luaonicus  in  having  much  narrower  and  more  tumid 
superomarginals,  each  of  which  bears  a  subcentral  conical  spine,  no( 
an  appressed  spine  or  row  ot  spinelets  near  the  distal  border  of  the 
plate.  The  three  species  mentioned  are  notable  for  their  broad 
inferomarginal  plates  also.  P.  oediplax  differs  from  P.  tewm  in 
having  much  smaller  and  more  tumid  [armed]  superomarginals  and 
less  massive  inferomarginals.  The  side  of  the  ray  of  tenuis  at  base 
is  massive  and  high — higher  than  the  actinal  width  of  inferomar- 
ginals— ^while  in  oediplax  the  border  of  ray  is  equal  to  or  less  than 
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actinal  width  of  inferomarginals.  The  ray  is  slenderer  in  tenuis^ 
and  the  paxillar  area  much  narrower,  the  paxillae  larger,  the  lateral 
spines  more  numerous,  and  the  actinal  inferomarginal  spinelets 
squamiform.  P.  mtdticinctus  belongs  to  another  type,  having  mas- 
sive transversely  tumid  superomarginals,  narrow  paxillar  area, 
large  independent  abactinal  pedicellariae,  larger  paxillae,  and  num- 
erous furrow  spines.  P.  suhierms  also  has  a  massive  margin  to  the 
ray,  the  superomarginals,  especially,  being  larger  than  in  oediplax^ 
and  the  side  wall  of  ray  higher.  The  paxillar  area  in  stdu^&rms  is 
narrower;  and  conspicuous,  independent,  abactinal  pedicellariae  are 
present.  Actinally  the  most  noteworthy  differences  are  the  wider 
inferomarginals  and  longer  marginal  mouth  spines  of  avluensis^  and 
the  slenderer  inferomarginal  spinelets  and  conspicuous  inferomar-^ 
ginal  pedicellariae  of  aediplax. 

PERSEPHONASTER  HABROGENYS  Fisher. 

Plate  13,  fig.  1 ;  plate  28,  fig.  1 ;  plate  31,  fig.  6 ;  plate  38,  figs.  2,  2a-f . 
Penephonasier  hahrogenys  Fishkb,  1918a,  p.  618. 

Diagnosis. — Resembling  P.  oediplax  but  with  still  slenderer  rays,, 
smaller  disk,  narrower  inferomarginal  plates,  which  bear  proxi- 
mally  2  or  3  actinal  spinules  in  addition  to  the  2  or  3  slender,  long, 
lateral  spines;  with  very  small  actinal  interradial  areas,  the  plates 
extending  less  than  half  the  length  of  ray ;  mouth  plates  small,  with 
2  series  of  suboral  spines ;  adambulacral  plates  spaced,  with  5,  les^ 
often  6,  furrow  spines.  Superomarginal  spines  proximally  1,  dis- 
tally  2  or  3,  the  plates  markedly  convex.  No  superomarginal,  infero- 
marginal, or  subambulacral  pedicellariae.  R=59  mm.,  r=ll  mm., 
B=5.3+r ;  breadth  of  ray  at  base,  11  or  12  mm.  Rays  slender,  evenly 
tapered,  sharp;  interbrachial  angles  abruptly  rounded. 

Description. — Paxillae  arranged  as  in  oediplax^  but  with  a  wider 
radial  area  free  from  papulae.  Paxillae  not  crowded,  medium  sized, 
the  largest  having  about  15  to  18  slender  terete  spinelets,  often  longer 
than  the  pedicel,  3  to  5  occupying  the  center  of  group.  Many  paxillae 
have  part  or  all  of  the  center  of  tabulum  occupied  by  a  fasciculate 
pedicellaria  with  3  or  4  jaws,  and  a  few  are  lower  and  have  only  2 
or  3  spinelets  in  addition  to  the  pedicellaria. 

Superomarginals,  36  in  number,  have  about*  the  same  proportions 
as  in  oediplax^  but  are  a  trifle  less  tumid,  and  bear  on  the  apex  of  Ihe 
plate,  nearer  the  inner  than  outer  edge,  a  sharp  conical  spine,  larger 
than  in  oediplax^  and  proximally  two-thirds  to  three-fourths  length 
of  plate.  Beyond  the  basal  third  of  ray  a  second,  and  often  a  third 
smaller  spine  is  added  to  form  a  transverse  series,  which  as  the 
end  of  the  ray  is  approached,  moves  very  gradually  nearer  the  distal 
margin  of  plate.    General  surface  of  plate  covered  with  delicate 
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terete  upright  spinelets,  becoming  slightly  longer,  sharper,  and 
slender-squamif  orm  near  the  spines.  Terminal  plate  slender,  cylin- 
drical, longer  than  wide,  with  a  terminal  spine  longer  than  itself, 
and  on  either  side  2  shorter  spines. 

Inferomarginal  plates  extending  laterally  slightly  beyond  the 
superomarginals,  very  narrow,  with  a  timiid  outer  end,  as  in  oedi- 
plax.  Except  for  the  first  2  or  3  plates  which  are  wider  than  long, 
all  the  plates  are  either  as  wide  as  long  (to  about  the  middle  of  ray) 
or  narrower  than  long  (outer  part  of  ray).  For  this  genus  the  in- 
f eromarginals  are  very  narrow,  and  form  a  narrow,  slightly  beveled, 
border  to  actinal  area.  Lateral  spines  proximally  8  (with  sometimes 
a  slenderer  fourth  spine  at  upper  end  of  series)  distally  2,  slender, 
slightly  curved,  appressed,  the  lowest  the  longest  and  equaling  2.5 
to  2.75  plates  in  length,  on  proximal  half  of  ray.  On  the  distal  mar- 
gin of  the  narrow  actinal  face  of  plate  2  or  3  much  smaller,  very  slen- 
der spinules  continue  the  lateral  series.  These  become  so  small  on 
the  outer  third  of  ray  that  they  merge  into  the  general  spinulation, 
and  owing  to  the  extreme  narrowness  of  the  plates,  the  lateral  comb 
occupies  the  whole  width.  The  spinelets  covering  the  outer  or  lateral 
face  of  plate  are  like  those  of  the  superomarginals,  only  a  little 
longer,  but  actinally  become  coarser,  sharper,  and  well  spaced. 
There  may  be  on  the  proximal  plates  an  enlarged  spinule  near  the 
adoral  margin. 

Actinal  interradial  areas  very  small  for  the  genus,  the  distance  be- 
tween outer  end  of  mouth  plates  and  the  edge  of  first  inferomarginal 
plate  being  slightly  less  than  the  interradial  dimension  of  the  mouth 
plates.  The  series  between  the  2  points  mentioned  contains  4  or  5 
plates.  Intermediate  plates  eictending  to  twelfth  inferomarginal  or  a 
trifle  less  than  half  length  of  ray.  These  plates  are  spaced  from  one 
another,  beyond  the  second  inferomarginal.  The  plates  bear  groups 
of  6  or  8  slender,  sharp,  terete  spinules,  which,  by  reason  of  the  in- 
vestment, appetir  smaller  near  the  base,  and  which  are  a  little  shorter 
than  the  subambulacral  spines.  Several  plates  in  the  interradial 
area,  adjacent  to  adambulacrals,  bear  prominent  fasciculate  pedicel- 
lariae  with  4  to  6  jaws  swollen  at  the  base  and  tapering  like  the  other 
spinules,  but  the  calcareous  part  in  reality  is  very  slender. 

Furrow  spines  5,  occasionally  6,  long,  slender,  compressed,  pointed, 
membrane-invested  and  webbed  at  base,  forming  a  regular  comb  with 
a  curved  outer  margin.  The  mesial  spines  are  about  as  long,  on  the 
proximal  third  of  the  ray,  as  the  neighboring  inferomarginal  plate. 
Subambulacral  spines  very  slender,  terete,  but  apparently  thick 
and  swollen,  owing  to  the  translucent  tissue  investing  them.  There 
are  about  6  of  these  forming  2  series  on  the  second  and  third  plates, 
then  on  the  succeeding  plates  a  single  zig-zag  series,  and  finally  on 
the  outer  half  or  two  thirds  of  ray  2  more  or  less  irregular  series, 
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of  8  to  12  spinules.  The  first  plate  is  compressed,  and  has  an  angular 
furrow  series  of  5,  and  2  transverse  subambulacral  series  of  about  8 
or  9  spines.    No  subambulacral  pedicellariae. 

Mouth  spines  fewer  than  in  oediplax.  Laterally  from  the  base  of 
the  compressed  tooth,  and  directed  into  mouth  of  furrow  is  a  fasci- 
culate group  of  4  or  5  small  pointed  tapering  spinelets  resembling 
and  probably  functioning  as  a  pedicellaria.  This  is  the  usual  Perse- 
pkonaster  group  of  spines  belonging  to  the  marginal  series.  It  is 
continued  on  the  margin  of  plate  facing  the  furrow  by  about  3 
longer,  bluntly  pointed  spines,  and  thence  along  the  lateral  suture 
margin  by  5  or  6  additional  shorter  slender  spinelets.  The  super- 
ficial series,  along  edge  of  median  suture,  consists  of  about  8  promi- 
nent, flattened,  slender  or  lanceolate  blunt  spinules  decreasing  in 
length  toward  outer  end  of  plate.  The  mouth  plates  are  much  nar- 
rower than  in  oediplax^  or  any  other  of  the  preceding  species,  and 
are  notable  for  their  small  size  generally.  The  distance  between  the 
superficial  and  marginal  series  of  spines  is  slight. 

Madreporic  body  small  with  coarse  striae  and  a  paxilla  on  the 
surface  adjacent  to  the  adcentral  margin.    It  is  situated  about  two- 
thirds  r  from  center. 
Type.—CsLt  No.  80527,  U.S.N.M. 

Type-locaUty. — Station  5114,  Verde  Island  Passage,  vicinity  of 
Balayan  Bay,  southern  Luzon  840  fathoms,  fine  sand;  2  specimens. 

Distribution. — ^Balayan  Bay,  Luzon,  and  Sibuko  Bay,  Borneo,  805 
to  340  fathoms. 

Specimens  exammed. — ^Three,  the  types  and  1  from  5592,  Sibuko 
Bay,  Borneo  (lat.4°  12'  44"  N.;  long.  118°  27'  44"  E.),  305  fathoms, 
green  mud,  bottom  temperature  43.3°  F. 

Remarks. — ^This  species  is  an  aberrant  Persephonaster  in  that  its 
marginal  and  mouth  plates  are  distinctly  smaller  than  the  mean  for 
the  genus,  and  the  general  habit  is  slender  and  light.  The  actinal 
interradial  areas  are  also  small,  and  the  furrow  spines  of  the  adam- 
bulacral  plates  reach  the  lowest  number  known  in  the  genus.  P. 
hahrogenys  agrees  with  P.  gracilis  (Sladen)  in  having  small  mouth 
plates,  but  differs  in  possessing  armed  superomarginals,  smaller  disk, 
higher  paxillae ;  in  having  the  lateral  and  ventral  facets  of  the  in- 
feromarginals  better  differentiated,  and  the  long  inferomarginal 
plates  lateral  in  position;  in  having  fewer  furrow  spines.  The 
marginal  plates  of  gracilis  are  much  less  tumid  than  those  of 
hahrogenys.  Dytaster  anacanthus  Alcock  and  Wood-Mason  (Bay  of 
Bengal,  1,748  fathoms)  is  certainly  not  a  Dytaster.  Although  the 
mouth  plates  are  imperfectly  described,  the  species,  as  Alcock  states, 
seems  to  be  near  P.  gracilis  (Sladen)  and  for  that  reason,  if  for  no 
other,  probably  should  occupy  a  niche  in  the  genus  PersepJionaster. 
It  has  unarmed  superomarginals  which  are  more  lateral  in  position 

ia434— Bull.  100—19 10 

Digitized  by  VjOOQIC 


134  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

than  in  Juxbrogenys  and  are  not  tumid.  The  lateral  inferomargintl 
comb  is  reduced  to  a  long,  fine  spine  and  1  or  2«similar  but  smaller 
ones  are  vertically  below  it;  furrow  comb,  6  to  8  spines;  no  pedicel- 
lariae.    In  hahrogenya  the  lowest  lateral  spine  is  the  longest. 

PEBSBPHONASTER  MONOSTOECHUS  FtolMr. 

Plate  20,  fig.  2 ;  plate  21,  fig.  2 ;  plate  31,  fig.  5 ;  plate  87,  figs.  8a-e. 
PeraephfituMier  monoatoechus  Fishes,  1913a,  p.  620. 

Diagnoaia. — ^Belated  to  P.  croceua  Alcock  and  Wood-Mason,  which 
it  resembles  in  having,  in  addition  to  the  appressed  inferomarginal 
spines,  a  conical  erect  lateral  spine,  but  differs  in  having  only  1  series 
of  erect  superomarginal  spines  (peculiarly  situated),  narrower  mar- 
ginals, 8  furrow  spines,  small  actinal  interradial  areas,  and  irregu- 
larly occurring  and  smaller,  erect,  lateral  spines.  R=45  mm.,  r=8.5 
mm.,  R=6.8  r;  breadth  of  ray  at  base,  12  mm.  Rays  rather  slender, 
with,  proximally,  high  lateral  walls  sloping  steeply  but  not  quite 
perpendicularly;  marginal  plates  massive,  tumid,  the  superomar- 
ginals  encroaching  conspicuously  upon  the  abactinal  surface  beyond 
the  base  of  ray.    Interbrachial  angle  abruptly  rounded. 

Deacription. — ^Paxillar  area  narrow,  being  about  as  wide  at  the 
base  of  ray  as  the  length  of  the  first  superomarginals.  Paxillae  com- 
paratively large,  though  the  number  of  spinelets  is  not  great.  Pax- 
illae largest  in  the  interradial  regions  and  adjacent  portions  of  ray. 
The  base  of  the  stout  tabulum  is  roundish  on  the  disk,  with  slight 
indentations,  but  on  the  ray  the  plate  as  well  as  the  section  of  tabulum 
is  elongate  elliptical  and  the  tabulum  or  pedicel  becomes  lower  and 
lower  on  the  outer  part  of  the  ray  until  the  plates  are  merely  slightly 
convex.  A  large  interradial  paxilla  has  15  to  18  pointed  slender 
spinelets  about  as  long  as  the  convex  tabulum,  8  to  5  occupying  the 
center.  In  the  center  of  disk,  where  the  paxillae  are  small  and  the 
pedicels  are  slender  instead  of  thick,  there  are  5  to  10  slender  spine- 
lets. The  large  paxillae  extend  far  along  ray  on  either  side,  but  are 
compressed  instead  of  round.  On  the  radial  region  of  each  ray  are 
several  large  fasciculate  pedicellariae,  sometimes  broader  than  pax- 
illae, composed  of  4  to  8  pointed  tapering  spinelets,  much  stouter 
than  those  of  paxillae,  and  springing  from  low  plates  resembling 
reduced  paxillae. 

Superomarginal  plates,  28  in  number,  are  fairly  large  and  tumid, 
the  first  4  or  5  being  confined  to  the  side  wall  of  the  ray  and  bearing 
their  single  upright  conical  spine  practically  on  the  upper  edge  of 
the  plate;  but  with  the  fifth  plate  the  spine  recedes  from  the  inner 
edge,  and  more  and  more  of  the  surface  of  the  plate  is  abactinal 
With  the  eighth  or  ninth  plate  the  2  facets  are  about  equal,  but 
distally  from  this  point  the  dorsal  becomes  much  the  wider,  and  the 
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spine,  which  always  keeps  on  the  well-rounded  margin  between  the 
2  facets,  gradually  becomes  horizontal  and  has  the  appearance  of 
being  a  lateral  spine.  There  is  no  abrupt  f  asciolar  channel  between 
the  plates,  the  surface  sloping  upward  from  either  transverse  sutute 
to  the  median  line  and  the  spine  is  on  this  ridge,  which,  however,  is 
slight  on  the  outer  third  of  ray.  The  spine  is  tiny  or  wanting  on 
the  last  8  or  10  plates.  The  longest  spines,  in  the  median  third  of 
ray,  are  about  as  long  as  the  plate,  and  the  plates  themselves  are 
nearly  square,  except  at  the  base  and  end  of  ray,  where  the  trans- 
verse dimension  is  the  greater.  The  surface  of  plate  is  covered 
with  spaced  delicate  spinelets  fairly  capillary  around  the  edge's  and 
a  little  shorter  and  more  clavate  in  the  middle.  Terminal  plate 
rather  stout  with  a  tuft  of  10  or  11  sharp  spinules  in  2  semicircular 
series  at  the  end. 

Inferomarginal  plates  rather  small,  the  proximal  being  a  trifle 
wider  than  the  corresponding  superomarginals,  the  rest  of  about 
the  same  width  and  length.  All  except  the  distal  plates  are  mark- 
edly tumid,  the  ridge  of  the  superomarginals  being  continued  across 
the  lower  series,  and  the  ventral  margin  of  the  ray  is  so  evenly 
rounded  that  the  plate  is  regularly  curved  from  the  inner  to  the 
outer  edge,  there  being  in  consequence  an  exceptionally  narrow 
actinal  face  when  the  specimen  is  viewed  from  below.  The  arma- 
ture is  of  the  type  of  P.  croceus  and  quite  distinct  from  that  of  the 
foregoing  species.  Just  below  the  outer  or  upper  edge  of  the  plate 
is  a  horizontal,  erect,  conical  spine  a  little  smaller  than  the  corre- 
sjKjnding  superomarginal.  Below  this,  and  forming  with  it  a  slightly 
oblique  transverse  comb,  are  2  (sometimes  3  and  distally  only  1) 
slender,  appressed,  slightly  flattened,  sharp  spines,  the  upper  about 
as  long  as  width  of  plate.  The  erect  conical  spine  is  often  miss- 
ing, there  being  no  regularity  in  this  respect,  and  on  the  outer  part 
of  the  ray  it  is  regularly  lacking.  When  lacking  on  the  proximal 
part  of  the  ray  its  place  is  sometimes,  but  not  always,  taken  by  an 
extra  appressed  spine.  The  plate  is  covered  with  delicate  spinelets 
similar  to  those  of  the  superomarginals  but  a  little  longer  on  the 
ventral  end. 

Actinal  interradial  areas  small,  the  interradial  diameter  slightly 
exceeding  that  of  the  mouth  plates.  Intermediate  plates  extending  in 
a  single  series  to  the  eighth  inferomarginal  (a  little  over  a  third  of 
ray)  and  in  2  series  to  the  fourth  inferomarginal.  Five  plates  be- 
tween the  first  inferomarginal  and  mouth  plate.  Plates  covered  with 
spaced  delicate  spinelets;  several  plates  in  each  angle  also  with  a 
central  slender,  much  longer,  pointed  appressed  spinule. 

Furrow  spines  8  (occasionally  7  or  9),  long,  slender,  slightly  com- 
pressed and  pointed,  in  a  regular  comb  with  a  nearly  straight  distal 
margin.    The  spines  are  about  as  long  as  width  of  plate  at  base  of 
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ray  and  slightly  longer  distally.  Subambulacral  spinules  10  to  11 
very  slender,  terete,  pointed,  in  3  irregular  longitudinal  series  or  in 
1  series  of  5  near  furrow,  and  the  others  without  very  definite  orde-, 
the  size  grading  from  those  of  first  series,  which  are  nearly  as  long 
as  the  furrow  spines,  to  the  outer,  which  are  subequal  to  the  actinal 
intermediate  spinelets.  Some  of  the  proximal  plates  have  fasciculate 
pedicellariae  with  3  to  5  shortened,  sharp  spiniform  jaws.  The  first 
plate  is  not  very  markedly  compressed  and  has  a  furrow  series  of  6. 

Mouth  plates  rather  narrow  but  very  convex.  The  oblique  vertical 
angular  series  of  marginal  spines  forms  a  fasciculate  group  of  about 
5,  the  outer  limb  of  the  angle  being  continued  along  the  margin 
adjacent  to  first  tube  foot  by  3  to  5  additional  slender  spinelets,  in 
a  fan,  and  thence  along  the  lateral  sutural  margin,  by  7  or  8  delicate 
spinelets.  The  inner  tooth  is  stout,  fusiform,  blunt,  or  pointed,  about 
half  as  long  as  plate.  The  suboral  armature  includes  a  series  of 
8  or  9  short,  rather  thick,  spines  along  margin  of  median  suture,  the 
innermost  two-thirds  as  long  as  the  tooth,  the  others  rapidly  decrease 
ing  in  length.  There  is  also  an  intermediate  series  of  6  to  8,  subequal 
to  the  adjacent  superficial  spinelets,  but  not  very  regular  in  size  or 
shape. 

Madreporic  body  a  little  more  than  its  own  diameter  from  margin, 
the  ridges  with  small  spiniform  protuberances. 

Type.— Ceit.  No.  30528,  U.S.N.M. 

Type'locality.—Station  5606,  Gulf  of  Tomini,  Celebes,  834  fath- 
oms, green  mud ;  1  specimen. 

Distribution. — Known  only  from  type-locality. 

Remarks. — P.  monostoechua  may  be  readily  distinguished  from 
any  of  the  preceding  species  by  the  presence  of  the  erect  lateral 
inferomarginal  spine,  and  by  the  single  series  of  erect  superomar- 
ginal  spines  which  are  at  first  dorsal  in  position  and  gradually  move 
away  from  the  upper  edge  of  the  plate  and  become  lateral  on  the 
outer  part  of  the  ray.  The  superomarginals  are  formed  very  much 
like  those  of  rrmlticinctus^  but  the  position  of  the  spine,  as  well  as 
the  inferomarginal  armature,  will  at  once  distinguish  monostoechm. 

Persephonaster  croceus  Alcock  and  Wood-Mason  is  from  the  GulJ 
of  Manaar,  738  fathoms. 

Genus  TRITONASTER  Fisher. 
Tritonaster  Fisher,  1906,  p.  1017.    Type,  T.  craspedotus  Fisher. 

TBrrONASTER  EVOBUS  Fisher. 

Plate  29,  figs.  1,  4 ;  plate  30,  fig.  6 ;  plate  39,  figs.  3,  3a-&. 
Tritonaster  evorus  Fishkb,  1913a,  p.  621. 

Diagnosis. — Eays  5.  E=31  mm.,  r=7  mm.,  R=4.4  r;  breadth  of 
ray  at  base,  7.5  mm.  Rays  pointed,  fairly  stout,  very  evenly  tapering 
from  narrow  base;  interbrachia  abruptly  rounded,  abactinal  integu- 
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ment  thin,  slightly  inflated;  paxillae  small,  largest  on  borders  of 
paxillar  area  to  which  papulae  are  confined;  marginal  plates  massive; 
superomarginals  forming  a  timiid  border  to  paxillar  area,  each  with  a 
small,  conical,  upright  spine;  inferomarginals  with  very  tumid  outer 
ends  bearing,  proximally,  2  curved  parallel  combs  of  setalike  spines 
(one  covering  the  other)  and,  distally,  1  such  comb;  adambulacral 
plates  with  3  long  furrow  and  12  to  16  delicate  subambulacral  spines, 
the  latter  often  forming  fasciculate  pedicellariae.  Diflfering  from  T. 
craspedotua  in  the  much  larger,  tumid  superomarginals,  smaller 
paxillae,  double  proximal  combs  of  lateral  spines,  fewer  adambulacral 
spines  and  fewer  enlarged  teeth. 

Description. — Paxillae  small,  not  compact,  smallest  over  a  wide 
radial  area  and  center  of  disk,  where  there  are  no  papulae,  and  dis- 
tinctly larger  on  the  papular  area  which  comprises  only  the  border  of 
the  paxillar  area.  Paxillae  are  rather  low  parapaxillae,  the  summit 
of  the  tabulum  being  convex  and  narrower  than  the  base.  The  larger 
paxillae  have  1  to  4  central,  delicate,  minutely  thorny  spinelets  and 
6  to  9  peripheral,  while  the  small  ones  have  1  to  3  central  and  5  to  8 
peripheral.  The  small  paxillae  differ,  however,  in  having  a  much 
lower  tabulum  and  shorter  spinelets  than  those  of  the  papular  areas. 
Some  of  the  very  small  paxillae  have  only  2  or  3  minute  spinelets. 
rhe  paxillae  of  papular  areas  are  arranged  in  oblique  transverse 
rows,  but  this  arrangement  ends  abruptly  at  the  edge  of  the  papular 
areas;  the  other  plates  are  irregular.  The  paxillae  are  smaller  than 
those  of  T.  craspedotua. 

Superomarginal  plates,  24  to  a  ray,  are,  unlike  those  of  craspedotua 
robust  to  the  end  of  the  ray  and  are  so  shaped  that  they  form  a 
raised  angular  or  timiid  border  to  the  paxillar  area.  The  plates 
are  wider  than  long,  and  each  has  a  lateral  and  a  dorsal  face,  the 
latter  being  about  square  and  the  former  longer  than  high  beyond  the 
basal  fourth  of  ray.  Each  plate  bears  on  the  angle  between  the  2 
faces  an  upright  conical  sharp  spine  about  half  as  long  as  the 
plate.  This  spine  stands  on  the  center  of  the  plate  at  base  of  ray 
and  gradually  moves  near  the  distal  margin  as  the  extremity  is  ap- 
proached. The  general  surface  of  plate  is  covered  with  well-spaced, 
tiny  upright  spinelets,  very  fine  about  the  borders  of  the  plate  and 
gradually  becoming  thimble-shaped  at  the  center.  On  the  lateral 
face  of  many  plates  are  1  or  2  small  fasciculate  pedicellariae  with 
about  6  tiny  spinelets  for  jaws.  The  fascioles  between  the  plates 
are  very  rudimentary. 

Inferomarginal  plates  wider  than  long,  and  a  little  wider  in  pro- 
portion to  length  than  in  T.  craspedotua.  They  have  a  very  convex 
outer  end  which  defines  the  ambitus  and  bears  a  perpendicular, 
curved  comb  of  delicate  curved  setalike  spines.  On  the  second  to 
fifth  plates  this  comb  covers  a  second  parallel  comb  of  smaller  spines. 
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as  in  Ctenophor aster.  This  second  comb  is  not  found  in  T.  craspe' 
dotus,  Proximally  the  first  comb  consists  of  about  5  larger  spines, 
the  third  from  the  upper  the  longest;  and  forming  a  continuous 
series  with  these  on  the  distal  margin  of  the  actinal  surface  are  3  or  4 
smaller  and  more  delicate  ones.  In  front  of  them  is  a  row  of  slightly 
enlarged  spinelets.  Beyond  the  eight  or  ninth  plate,  only  the  lat- 
eral comb  remains  and  consists  of  5  or  4  spines,  and  3  or  4  at  the 
very  tip.  Owing  to  the  tumidity  of  the  outer  end  of  the  plate  2  or 
8  of  these  spines  are  dorsal  in  position  and  are  pressed  against  the 
sloping  side  wall  of  the  superomarginals.  The  second  comb  is  con- 
fined strictly  to  the  first  4  or  5  plates,  and  to  the  outer  end,  forming 
a  parallel  series  between  the  base  of  the  regular  comb  and  the  distal 
edge  of  plate.  There  are  3  or  4  smaller  spinules  to  the  series ;  rudi- 
ments of  these  spines  persist  to  about  the  ninth  plate.  The  spinelets 
covering  the  surface  of  the  plates  are  spaced  and  very  delicate.  On 
the  upper  surface  of  the  tumid  outer  end,  near  the  fiwt  lateral  spine 
a  tiny  fasciculate  pedicellaria  often  occurs. 

Terminal  plate  longer  than  wide,  and  ovoid  in  shape  with  a  trun- 
cate narrower  end;  proximal  end  with  a  slight  notch  next  to  paxillar 
area,  shallower  than  in  craspedotvs. 

Adambulacral  plates  proximally  wider  than  long,  gradually  be- 
coming narrower,  until  distally  they  are  longer  than  wide.  Furrow 
spines  3,  very  long.  The  central  one  compressed,  and  almost  trun- 
cate. The  laterals  slender,  slightly  tapered  and  blunt.  One  or  two 
subambulacral  spines  stand  on  the  margin  owmg  to  the  very  salient 
furrow  angle  of  the  plate.  These  are  usually  bent  away  from  the 
3  furrow  spines.  On  the  surface  of  the  plate  are  from  12  to  15 
shorter,  very  slender  spines,  decreasing  in  length  toward  outer  edge 
of  plate.  These  are  variously  arranged,  sometimes  in  2  longitudinal 
series  of  3  or  4  each,  with  4  or  5  smaller  spinules  on  the  outer  part 
of  the  plate.  The  distal  member  of  the  first  series  stands  on  the 
aboral  facet  of  the  angular  margin;  or  4  to  6  spines  on  the  aboral 
side  of  the  plate  form  a  fasciculate  pedicellaria.  This  is  composed 
of  1  or  2  spines  from  each  of  2  or  3  longitudinal  series.  On  the  outer 
half  of  ray  the  pedicellaria  is  rare,  and  the  spinules  are  in  2  series 
-with  some  irregular  ones  behind  them,  or  in  3  series.  The  spines  are 
less  numerous  than  in  craspedotus^  and  the  pedicellariae  are  higher. 

Mouth  plates  relatively  a  little  smaller  than  those  of  craspedotus. 
There  are  2  large  teeth  to  each  pair  of  plates;  all  the  other  spines 
are  much  slenderer  and  shorter.  Furrow  series  angtilar  as  in  crcLS- 
pedotus^  composed  of  rather  slender  spines  bent  upward,  and  con- 
tinued to  outer  end  of  plate^  along  suture  adjacent  to  first  adambula- 
cral in  8  to  10  smaller  spaced  spinelets.  The  series  along  the  median 
suture  consists  of  about  10  to  12  slightly  clavate  spines  and  between 
them  and  the  marginal  series  is  an  irregular  intermediate  series  of 
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smaller  spines,  nearer  the  size  of  the  nearest  marginals.  The  inner 
superficial  spines  of  evorus  are  smaller  than  those  of  craspedoPuSy 
there  being  but  2  enlarged  teeth  at  each  mouth  angle,  while  in  eras- 
pedotua  there  appears  to  be  a  double  phalanx  of  numerous  teeth. 

Actinal  interradial  areas  small,  the  distance  between  the  mouth 
plates  and  inferomarginals  being  less  than  width  of  the  latter.  No 
odd  interradial  series  of  actinal  intermediate  plates.  A  single  series 
of  rudimentary  plates  extends  to  the  sixth  inferomarginal  or  about 
one-fourth  the  length  of  ray  measured  along  side,  and  a  second 
series  does  not  go  beyond  the  second.  The  outermost  plates  are 
separated  one  from  another.  There  are  only  8  plates  in  an  inter- 
radial direction  between  the  mouth  plates  and  first  inferomarginals. 
Externally  the  plates  are  convex,  roundish,  or  elliptical,  with  indi- 
cations of  4  or  5  sides,  and  are  armed  with  spaced  delicate  spinules 
similar  to  those  of  the  inferomarginals;  most  of  the  plates  nearest 
furrow  bear  a  prominent  central  fasciculate  pedicellaria. 

Madreporic  body  very  small,  situated  its  own  diameter  from  mar- 
ginal plates,  with  few  deep  striae  (deeper  than  in  craspedotua) 
radiating  from  an  eccentric  point  near  the  adcentral  side.  Anal 
aperture  minute. 

Type.— Cat.  No.  30529,  U.S.N.M. 

Type-locality. — Station  5476,  off  extreme  southeastern  end  of 
Luzon  (vicinity  of  San  Bernardino  Strait),  270  fathoms,  fine  sand, 
bottom  temperature  48.3°  F. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^This  species  preserves  the  generic  facies,  with'  the  ex- 
ception of  the  superomarginal  plates  which  are  much  larger  than  in 
the  only  other  known  species,  T.  craspedotus  from  the  Hawaiian 
Islands.  Further  differences  are  the  smaller  paxillae,  the  double 
comb  of  lateral  spines  of  the  proximal  inferomarginals,  the  addi- 
tional actinal  members  of  the  primary  comb,  fewer  adambulacral 
spines,  and  higher  subambulacral  pedicellariae,  fewer  enlarged  teeth, 
and  smaller  madreporic  body.  The  actinal  interradial  areas  are  a 
little  smaller,  and  the  inferomarginals  a  little  wider.  T.  oraspedotusy 
as  well  as  evorus^  has  both  superomarginal  and  inferomarginal  fas- 
ciculate pedicellariae,  though  very  inconspicuous.  The  superomar- 
ginal spinelets  of  evorus  are  shorter  and  coarser  on  the  central  part 
of  the  plate,  the  superomarginal  spine  larger,  and  the  inferomar- 
ginal spinelets  a  trifle  finer  and  more  spaced  than  in  craspedotus. 
Owing  to  the  smaller  size,  in  craspedotus^  of  the  distal  superomargi- 
nals,  the  lateral  spines  encroach  more  upon  the  abactinal  surface. 

Although  Tritonaster  is  near  PersepJhonaster  it  differs  in  having 
the  abactinal  plates  a  reduced  form  of  paxilla,  in  having  the  papulae 
confined  to  a  limited  area  around  the  borders  of  the  paxillar  space, 
leaving  much  of  the  disk  and  a  conspicuous  radial  band  entirely 
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free,  in  having  the  actinal  intermediate  plates  reduced  to  rudiments 
on  the  ray,  and  in  having  a  decidedly  Astropectenlike  type  of  adam* 
bulacral  armature.  When  the  genus  was  instituted  I  thought  the 
small  superomarginals  were  of  generic  importance,  but  such  has 
proved  not  to  be  the  case.  The  curious  lateral  combs  of  inferomar- 
ginal  spines  and  the  extremely  tumid  plates  are  characteristic  of  the 
two  species,  and  are  an  exaggeration  of  what  occurs  in  some  species 
of  Peraephonaater.  If  T.  evorus  approaches  PersephoncLSter  in  the 
superomarginals  it  departs  even  more  than  craapedotus  in  its 
Astropectenlike  adambulacrals,  reduced  paxillae,  and  rudimentan 
actinal  intermediate  plates. 

Genus  ANTHOSTICTE  Fisher. 

Anthosticte  Fisheb,  1911c,  p.  417.  Type,  A.  aulophora  Fisher. 
Diagnoaia. — ^Near  Tethyaater  but  distinguished  by  the  presence  of 
very  deep  marginal  fascioles,  the  absence  of  a  regular  midradiai 
series  of  enlarged  paxillae,  the  extension  of  the  gonads  to  end  of  rar, 
and  the  character  of  the  paxillae,  which  are  tall  and  slender.  Supero- 
marginal  plates  without  specialized  spines;  inferomarginals  with  a 
single  transverse  row  of  small,  flattened,  sharp,  appressed  spines: 
fascioles  between  marginals  very  deep,  lined  with  small  spinelets  and 
in  continuation  of  the  actinal  f  asciolar  channels.  Abactinal  plates 
stellate,  the  shaft  of  paxilla  tall,  slender,  and  crowned  by  a  floriform 
group  of  slender  spinelets;  papulae  all  over  abactinal  surface.  Acti- 
nal intermediate  plates  extending  nearly  to  end  of  ray,  and  traversed, 
betweefi  marginals  and  adambulacrals,  by  deep  channels;  no  en- 
larged actinal  intermediate  spines;  an  incipient  series  of  odd  inter- 
radial  actinal  plates ;  adambulacral  plates  with  a  very  prominent  fur- 
row angle  and  an  astropectinoid  armature;  no  enlarged  subambu- 
lacral  on  distal  portion  of  ray ;  fascioles  between  the  adambulacral 
plates  shallow  and  not  lined  with  spinelets,  as  in  Sideriaster.  Tufts 
of  gonads  extending  to  end  of  ray.  Madreporic  body  not  concealed. 
Superambulacral  plates  large.  Tube  feet  pointed,  with  simple  rod- 
like  deposits  at  tip.    Small  spinif  orm  abactinal  pedicellariae. 

ANTHOSTICTE  AULOPHORA  Fisher. 

Plate  17,  fig.  1;  plate  18,  fig.  3;  plate  19,  fig.  2;  plate  38,  fig.  3;  plate  39. 

figs.   1,   lOr-d. 

Anthosticte  avXophora  Fisheb,  1911c,  p.  417. 
Diagnoaia.—'RsLys  5.  E=162  mm.,  r=34  mm.,  E=4.76+r ;  breadth 
of  ray  at  base,  40  mm.,  at  tenth  superomarginal,  29  mm.  Disk  mod- 
erate, rays  long,  rather  narrow  beyond  interbrachium,  tapering  very 
gradually  to  a  bluntly  pointed  extremity;  sides  of  ray  and  di^ 
evenly  rounded;  abactinal  surface  slightly  convex;  paxillae  fairly 
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close-set  and  large,  floriform,  with  slender  tall  pedicels;  supero- 
marginals  without  special  spines,  but  with  small  spiniform  pedicel- 
lariae;  inferomarginals  with  transverse  series  of  2  to  5  small  ap- 
pressed  spines;  marginal  fascioles  very  deep  and  separated  by  thin 
high  ridges;  actinal  fascioles  deep;  actinal  interradial  area  extensive^ 
the  plates  with  thin  high  keels  covered  with  slender  spinelets;  fur- 
row spines  usually  5,  long,  compressed ;  subambulacrals  5  to  7 ;  mad- 
reporic  body  exposed;  tube  feet  with  deposits;  gonads  extending  to 
end  of  ray. 

Description. — ^Paidllae  fairly  compact,  and  touching,  with  a  slen- 
der, tall  pedicel  crowned  by  a  floriform  group  of  15  to  20  peripheral, 
and  5  to  15  or  even  more  central,  terete,  blunt  spinelets,  the  latter 
often  in  a  compact  group  resembling  a  pedicellarian  apparatus,  the 
former  radiating  like  the  rays  of  a  composite  flower.  On  most  of 
the  paxillae  2  to  4  central  spinelets  are  slightly  modified  with  broader 
tips,  and  form  actual  pedicellariae.  The  paxillae  are  unusually 
uniform  in  size,  and  are  only  slightly  smaller  at  the  end  of  the  rays. 
The  largest  seem  to  be  those  of  the  interradial  areas  of  disk  and  prox- 
imal third  of  ray,  those  of  center  of  disk  and  adjacent  radial  areas 
(as  far  as  base  of  ray)  being  slightly  smaller. 

The  slender  pedicels  spring  from  6-lobed  (stellate)  plates,  these 
without  definite  order  on  center  of  disk  and  midradial  region,  but 
elsewhere  in  oblique  transverse  rows  parallel  to  interradius.  On 
the  ray  these  series  are  slightly  spaced,  and  consecutive  plates  of  a 
row  barely  touch.  In  the  midradial  area  the  plates  sometimes  touch 
or  are  separated.  There  is  no  definite  radial  series  of  plates  as  in 
Tethyaster  subinermis.  Papulae  distributed  all  over  abactinal  sur- 
face, as  in  Dipsacaater  (not  absent  from  midradial  line  or  center  of 
disk),  single,  5  or  6  about  each  plate. 

Marginal  plates  of  the  two  series  corresponding,  with  unusually 
deep  fasciolar  channels  separated  by  thin  high  ridges,  each  of  which 
is  composed  of  the  elevation  of  a  combined  superomarginal  and  in- 
feromarginal  plate  and  is  thinner  than  the  intervening  channels. 
The  height  of  this  ridge  above  the  bottom  of  the  channel  equals 
about  one-half  the  dorsoventral  dimension  of  the  combined  marginal 
plates.  Superomarginals  forming  a  rounded  bevel  as  in  Tethyaster 
suhinermisj  covered  with  short,  clavate,  papilliform  spinelets,  becom- 
ing slenderer  on  edge  of  grooves.  Mostf  oi  the  plates  bear  1  to  3 
pedicellariae,  composed  of  a  couple  of  slightly  modified  spinelets, 
stouter  than  the  others.  Sometimes  the  pedicellaria  is  pectinate  with 
4r  to  6  spinelets.  These  pedicellariae  closely  resemble  those  of  the 
paxillae,  but  are  larger.  Spinelets  in  grooves  very  numerous  and 
deUcate.  Superomarginals,  about  80.  Terminal  plate  heart-shaped 
from  above,  broader  than  long,  and  with  a  shallow  notch  at  both 
ends.    The  superomarginals  underlie  the  proximal  half. 
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Inferomarginals  projecting  slightly  beyound  superomarginals  on 
outer  part  of  ray,  and  forming  a  rounded  bevel  to  margin  of  actinal 
surface,  being  about  one  and  one-half  times  wider  than  upper  series. 
They  are  covered  with  a  transverse  series  of  2  to  5  (usually  2  or  3 
distally,  and  2  to  4  proximally)  small,  flat,  lanceolate,  sharp,  ap- 
pressed  spines  and  numerous  shorter,  slenderer,  slightly  flattened, 
blunt  spinelets,  which  on  median  line  of  plate  are  much  longer  than 
those  of  superomarginals.  The  spinelets  lining  the  deep  fascioles 
are  similar  to  those  of  upper  series.  At  the  upper  end  of  nearly  all 
the  inferomarginals,  close  to  the  lower  or  out«r  margin  of  the  supero- 
marginal,  is  a  pedicellaria  with  2  (less  often  8  or  4)  blunt,  slightly 
tapered  or  often  clavate  spiniform  jaws.  These  pedicellariae  are 
larger  than  those  of  the  superomarginal  plates. 

Actinal  interradial  areas  fairly  large,  but  rather  abruptly  narrow- 
ing at  base  of  ray,  along  which  two  series  of  intermediate  plates 
extend  two-thirds  of  its  length,  while  one  series  continues  nearly  to 
the  extremity.  Between  the  first  inferomarginal  and  the  second 
adambulacral  the  series  contains  7  to  9  plates.  There  is  an  in- 
cipient odd  interradial  series  of  actinal  intermediate  plates.  Be- 
hind the  mouth  plates  there  is  a  pair  of  plates,  and  from  between  the 
outer  ends  of  these  extends  an  odd  series  of  2  or  3  plates,  the  whole 
being  wedged  between  the  inner  ends  of  the  series  leading  from 
the  first  inferomarginals  to  the  second  adambulacral.  The  odd 
series  is  quite  inconspicuous.  Deep  channels  lead  from  the  mar- 
ginal fascioles  to  the  fascioles  between  the  adambulacral  plates, 
these  being  separated  by  single  rows  of  intermediate  plates. 
The  marginal  and  adambulacral  plates  do  not  correspond,  however. 
At  the  base  of  furrow  the  latter  are  slightly  more  numerous,  while 
in  the  middle  third,  the  former;  distally  they  correspond.  The  high 
keel  of  the  intermediate  plates  which  forms  the  ridges  between  the 
channels  is  covered  with  slender,  long,  terete,  or  slightly  swollen, 
blunt  spinelets  directed  toward  ambitus,  and  similar  to  those  of  inner 
end  of  inferomarginals.  The  channels  are  not  lined  with  spinelets, 
as  are  the  marginal  fascioles,  but  they  are  thickly  roofed  by  terete, 
delicate  spinelets,  smaller  than  those  on  the  exposed  edge  of  the  keel. 

Adambulacral  plates  astropectinoid,  with  an  acute  furrow  angle, 
bearing  a  compressed  blunt  saber-shaped  spine,  and  on  either  side  of 
this,  two  strongly  comprfissed  rather  slender  blunt  spines.  Some- 
times a  third  is  added,  making  the  total  6  to  7.  Surface  of  plate  with 
5  to  7  more  cylindrical,  slender,  blunt  spines,  one  forming  a  series 
with  the  second  lateral  furrow  spines,  the  rest  disposed  in  about  two 
longitudinal  series  behind  this,  the  laterals  of  the  first  series  often 
standing  on  margin  and  making  on  either  side  the  supernumerary 
furrow  spines.    The  plates  are  wider  than  long,  well  spaced,  with  a 
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shallow  channel  between,  over  which  extend  several  to  many  small 
terete  spinelets  belonging  to  the  transverse  margins  of  plates,  and 
not  calculated  in  the  above  spine  counts. 

Mouth  plates  prominent,  densely  covered  with  spines,  increasing 
in  length  toward  inner  end  of  plate,  where,  directed  over  actinostome, 
is  a  cluster  of  teeth.  Marginals  7  or  8,  distally  with  flat  side  to  fur- 
row, but  at  inner  end  of  plate  more  knife-shaped  and  with  edge 
thereto. 

Madreporic  body  exposed,  medium-sized,  with  fine  radiating  striae. 
The  ridges  near  center  bear  low  tubercular  prominences.  It  is  sit- 
uated about  one-third  E  from  margin. 

Gonads  disposed  in  independent  tufts  attached  to  the  abactinal 
integument  on  either  side  of  the  median  radial  area  and  extending  to 
end  of  ray.  Ampullae  strongly  two-lobed.  Tube  feet  pointed,  with 
deposits  at  the  tip  in  the  form  of  small,  simple,  straight,  curved,  or 
irregular  rods.    Superambulacral  plates  well  developed. 

Type.— Csit.  No.  28656,  U.S.N.M. 

Type'locality.—Stsition  5420,  between  Cebu  and  Bohol  (lat.  9°  49' 
35"  N.;  long.  123°  45'  E.) ;  127  fathoms;  bottom  temperature,  59°  F. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^The  genera  Moiraster^  Tethyaster^  Sideriaster^  and 
Anthosticte  agree  in  having  unarmed  superomarginals,  inferomar- 
ginals  with  a  few  small  enlarged  spines,  naked  madreporite,  large 
actinal  interradial  areas,  and  intermediate  plates  far  along  ray, 
marginal  and  actinal  fascioles,  true  paxillae,  stellate  abactinal 
plates,  an  astropectinoid  adambulacral  armature,  and  probably  also 
in  having  the  single  papulae  uninterrupted  all  over  the  dorsal 
surface.  The  first  two  seem  to  be  a  little  more  closely  related  than 
either  is  to  the  last  two,  while  Sideriaster  and  Anthosticte  are  pos- 
sibly also  nearly .  related.  Unfortunately  there  is  but  one  species 
in  each  genus,  and  it  is  difficult  to  ascertain  what  characters  are 
of  generic  importance.  Applying  the  standards  used  in  other  and 
larger  genera,  Anthosticte  differs  from  Tethyaster  chiefly  in  having 
very  deep  marginal  fascioles,  gonads  to  the  end  of  the  ray,  and  no 
midradial  series  of  enlarged  paxillae.  Anthosticte  has  taller  and 
more  delicate  paxillae,  but  this  may  not  be  of  generic  importance. 
Its  special  points  of  agreement  in  addition  to  the  characters  listed 
above  are  the  deposits  in  the  tube  feet  (not  recorded  for  Moiraster 
and  Sideriaster)  and  shallow  interadambulacral  fascioles  and  an 
incipient  odd  interradial  series  of  actinal  intermediate  plates,  less 
prominent  and  regular  than  in  Tethyaster. 

Anthosticte  differs  from  Sideriaster  Verrill  in  having  very  deep 
marginal  fascioles,  shallow  interadambulacral  fascioles,  no  distally 
enlarged  subambulacral  spine.    Neither  the  deposits  in  the  tube  feet 
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nor  the  gonads  of  Sideriaster  are  described — one  of  the  unfortumU 
results  of  drjring  unique  specimens.  I  do  not  know  whether  Sideri- 
aster has  the  incomplete  unpaired  interradial  series  of  actinal  in- 
termediate plates.  The  fascioles  between  the  adambulacral  platen, 
which  I  examined  in  the  type-specimen,  form  one  of  the  mo? 
striking  features  of  the  genus.  They  are  densely  lined  with  small 
delicate  spinelets,  and  are  therefore  similar  to  marginal  fasciok 
Such  is  not  the  case  in  Anthosticte^  Tethyaster^  or  Moiraster. 

The  distribution  of  gonads  and  deposits  of  tube  feet  are  unknowL 
in  Moiraster,  Koehler  describes  the  marginal  fascioles  as  "pe; 
profonds,"  while  Sladen  says  they  are  deep,  but  the  discrepancy 
is  only  apparent,  for  Sladen  knew  no  genera  with  very  deep 
fascioles,  such  as  Dipaacaster.  Anthosticte  differs  from  Moiroikf 
in  respect  to  the  marginal  fascioles  and  the  thin  elevated  inter 
vening  ridges  of  the  marginal  plates.  The  inferomarginal  and 
actinal  spinelets  of  Anthosticte  are  slender,  and  not  flat,  spatulaU, 
and  chisel-shaped.  No  pedicellariae  are  described  for  MoirasttJ. 
If  the  gonads  are  found  to  extend  to  the  end  of  the  ray,  it  may 
become  necessary  to  unite  the  two  genera,  although  the  difference 
in  the  marginal  fascioles  will  remain.  The  paxillae  of  Mairaskr 
are  probably  lower  than  those  of  Anthosticte^  and  less  delicate 
The  character  of  the  gonads  is  important,  and  is  apparently  very 
reliable  for  generic  groups,  but  not  for  higher  ones. 

It  seems  better  to  keep  Anthosticte  separate  rather  than  to  unite 
it  with  another  genus,  especially  as  it  is  not  at  all  evident  into 
which  of  the  three  groups  it  would  go  with  the  least  disturbance. 

The  following  table  recapitulates  the  characters  mentioned  above. 
Will  some  one  enlighten  us  concerning  the  gonads  and  tube  feet  of 
Moiraster  and  Sideriaster? 

Comparison  of  the  characters  of  AnthostictCy  Tethyaster^  Sideriaster,  and 

Moiraster. 


Genus. 


Anthosticte 
Tethyatter. 
BideriasttT. 
Moiraster . 


Gonads 
extend 
to  end 
of  ray. 


(?) 
(?) 


Gonads 

con- 
fined to 
proxi- 
mal half 
of  ray. 


X 


Mar- 
ginal 
fascioles 
deep. 


Adam- 
bula- 
cral 
fascioles 
shaUow. 


X 
X 


Depos- 
its in 
tube 
feet. 


X 
X 


Distal 
sub- 
ambu- 
lacral 
spines 

en- 
larged. 


PaxlUaelPSSflf 


tall: 
pedicel 
slender. 


rather 

low; 

pedicel 

stout. 


X 
X 


Mid- 
radial 
row  of  I 
en- 

paxUlae.; 


Ante- 
ooo- 

I  oddm- 
temuSsl 
series  c( 

MtiEStl 

;  platen. 


X 

X 


^  According  to  Koehler,  Trans.  Roy.  Soc.  Edinburgh,  toI.  46,  1908,  pt  8,  p.  681,  pL  11 
fig.  110,  this  series  seems  to  be  present  in  an  incipient  form. 
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Genus  DIPSACASTER  Alcock. 
Dips€tcaster  Axcock,  1893,  p.  87.    Type,  D.  sladeni  Alcock. 

KEY    TO   THE    .SPECIES    OP    DIPSACASTEB    HEREIN    DESCRIBED. 

t.*  Paxillae  with  very  numerous,  long,  slender,  terete,  sharp  spinelets;  no  dif- 
ferentiated marginal  spines. 
&.*  Rays  narrower ;  odd  Interradlal  series  of  actlnal  Intermediate  plates  nearly 
or  quite  reaching  the  margin;  paxillar  spinelets  shorter  and  less  deli- 
cate ;  furrow  spines,  7  or  8 nesiotes,  p.  145. 

&.'  Rays  broader,  not  narrowed  at  base ;  odd  Interradlal  series  of  actlnal  in- 
termediate plates  reaching  only  a  little  more  than  halfway  to  margin; 
paxillar  spines  very  delicate  and  sharp ;  furrow  spines,  8  or  9. 

imperialia,  p.  146. 
2.*  Paxillae  with  upward  of  25  short,  blunt,  clavate,  or  subterete,  thorny  spine- 
lets ;  2  or  3  small  diflferentiated  marginal  spinules diapJiorus,  p.  152. 

DIPSACASTER  NESIOTES  Fisher. 

Plate  41,  fig.  2. 

DipsaciMter  nesiotes  Fisher  1906,  p.  1026,  pi.  9,  fig.  3,  3a;  pi.  10,  fig.  2,  o-& ; 
pi.  12,  fig.  1,  2. 

Specimens  exaimned. — ^Two,  one  from  each  of  the  following  sta- 
tions: 

Station  5623,  between  Oillolo  and  Makyan  Islands,  Molucca  Islands 
(lat  0°  16'  30"  N.;  long.  127°  30'  E.),  272  fathoms,  fine  sand,  mud. 

Station  5624,  near  above  locality  (lat.  0°  12'  15"  N.;  long.  127° 
29'  30"  E.),  288  fathoms,  fine  sand,  mud. 

Distribution. — ^Hawaiian  Islands  and  Molucca  Islands,  272  to  308 
fathoms,  fine  sand  and  mud. 

Remarks. — ^This  species  was  taken  by  the  Albatross  in  283  to  308 
fathoms  among  the  Hawaiian  Islands.  None  of  the  specimens  were 
as  large  as  that  from  station  5624,  which  is  a  veritable  giant,  having 
K=182  mm.,  r=58  mm.,  and  R=3.14  r.  The  example  from  station 
5623  is  the  same  size  as  the  type.  In  this  example  the  superomar- 
ginals  are  very  slightly  wider  than  those  of  type,  but  there  is  varia- 
tion among  the  Hawaiian  specimens.  The  large  example  has  nar- 
rower superomarginals  even  than  the  type,  and  matches  a  specimen 
from  station  3908,  Hawaiian  Islands. 

A  characteristic  of  both  young  and  adults  of  this  species  is  the 
fact  that  the  interradial  series  of  actinal  intermediate  plates  very 
nearly  or  quite  reaches  the  margin  at  the  interradial  inferomarginal 
suture.  The  rays  are  narrower  than  in  most  other  species  and  usu- 
ally are  narrower  at  base.  The  figure  of  the  type  shown  in  figure  2 
of  plate  10,  Hawaiian  Starfishes,  is  a  little  misleading.  Plate  12  is 
better.    In  the  first  figure  the  ray  is  drawn  a  little  too  broad. 

Although  the  species  resembles  Dipsacaster  sladeni^  I  think  it  is 
perfectly  distinct.    The  main  differences  are  as  follows:  Sladeni 
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has  deJSnite  inferomarginal  spines  which  form  transverse  series  on 
the  proximal  plates.  Alcock  writes  (and  the  figures  bear  him  out) 
that  the  marginal  plates  correspond  plate  to  plate.  In  neaiotes  the 
two  series  do  not  correspond,  but  even  alternate  on  the  outer  part  of 
ray.  The  actinal  intermediate  plates  of  nesiotea  are  not  very  strongly 
carinated,  but  the  character  is  such  a  comparative  one  that  it  would 
be  diflScult  to  apply  without  direct  comparison  of  specimens.  The 
furrow  spines  of  sladeni  are  "  needlelike,"  but  in  nesiotes  very  con- 
spicuously compressed  and  bladelike.  The  subambulacral  spines 
can  scarcely  be  said  to  form  a  "  rosettelike  or  paxillalike  group  of 
about  12."  There  is  a  very  definite  longitudinal  series,  just  back  of 
the  furrow  spines,  of  3  to  5  shorter,  terete  tapering  spinules,  and 
back  of  this  12  to  18  spinules  in  2  or  3  irregular  series,  or  more  or  less 
scattered.  They  do  not  suggest  a  rosette  or  a  paxilla  and  are  more- 
over more  numerous  than  in  sladeni.  The  interbrachia  of  nesiotes  are 
more  open  and  rounded,  owing  to  the  peculiar  form  of  the  rays. 

DIPSACASTER  IMPERIAUS  Fisher. 

Plate  32,  figs.  1,  2 ;  plate  40,  figs.  1,  la-6 ;  plate  41,  figs.  1,  la. 
Dipsacaster  imperialia  Fisheb,  10176,  p.  89. 

Diagnosis. — Differing  from  D.  nesiotes  Fisher  in  having  broader 
rays,  more  delicate,  longer,  and  sharper  paxillar  spinelets;  in 
averaging  1  or  2  more  true  furrow  spines  to  the  plate,  and  in 
having  an  odd  interradial  series  of  actinal  intermediate  plates 
which  reach  only  a  little  more  than  half  the  distance  between  outer 
end  of  combined  mouth  plates  and  inferomarginals.  Differing  from 
D.  sladeni  Alcock  in  respect  to  the  inferomarginal  spines,  which  are 
smaller  and  do  not  form  a  definite  transverse  series,  especially  on  the 
proximal  plates;  in  having  the  distal  marginals  alternating,  instead 
of  opposite,  and  in  having  more  numerous  actinal  intermediate  plates 
on  the  ray,  the  second  longitudinal  series  extending  to  the  twenty- 
third  or  twenty-fourth  inferomarginal,  and  the  third  extending  to 
the  sixteenth.  E=160  nmi.,  r=55  mm.,  E=3  r;  breadth  of  ray 
at  base,  62  mm.  Eays  broad  at  base,  tapering  from  arcuate  inter- 
brachia, at  first  rapidly  then  more  gradually  to  a  subacute  extremity. 

Description. — ^The  ray  is  a  little  broader  at  the  base  than  in  sladenij 
the  interbrachia  more  rounded,  and  the  tip  more  pointed.  The  bor- 
der formed  by  the  marginal  plates  is  wider,  so  that  on  the  outer  part 
of  the  ray  the  paxillar  area  is  no  broader  than  in  sladeni.  The  pax- 
illae  are  fairly  imiform  in  size  on  the  disk,  though  a  trifle  smaller 
at  the  center  than  midway  to  margin;  from  the  latter  point  they 
decrease  gradually  as  the  margin  is  approached.  The  paxillae  have  a 
fairly  stout,  high,  convex  pedicel,  which  is  broader  at  the  sununit 
than  at  the  surface  of  the  integument,  and  is  crowned  with  a  brush- 
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like  group  of  very  many,  very  sharp,  slender  spinelets.  About  85 
were  counted  on  an  average  large  paxilla  from  the  disk,  and  the 
peripheral  spinelets,  which  are  blunt  and  only  about  one-fifth  the 
length  of  the  others,  form  1  or  2  cycles  covering  the  bases  of  the 
outermost  spinelets.  The  height  of  the  brush  about  equals  that  of 
the  pedicel,  and  the  spinelets  are  usually  bent  inward.  The  inner 
ends  of  the  paxillae  are  small,  so  that  when  seen  from  the  coelomic 
side  they  appear  to  be  well  spaced.  The  paxilla  is  expanded  into  a 
sort  of  flange  above  the  lower  end,  this  representing  the  "  plate."  On 
the  sides  of  the  paxillar  area  the  contour  of  the  plate  is  elliptical, 
sometimes  with  notched  ends;  on  the  radial  area  the  plates  are 
roundish,  with  here  and  there  short  lobes.  Papulae  distributed  all 
over  disk,  without  interruption  at  the  radial  line,  where  each  area 
may  have  1  to  8  papulae.  Between  the  lateral  oblique  rows  of  pax~ 
illae  the  papulae  form  a  regular  zigzag  series  (1  to  an  area) ;  but  at 
base  of  ray  and  on  disk  they  are  arranged  with  5  or  6  around  any 
one  plate. 

Superomarginals  88  to  40,  the  first  being  about  2.5  times  as  wide  as 
long,  while  at  middle  of  ray  the  breadth  is  about  1.2  times  that  of 
length.  In  this  respect  the  plates  resemble  those  of  neaiotea  and 
sladeni  and  differ  from  those  of  D.  grandissimus  Goto.  The  trans- 
verse fascioles  are  very  narrow,  and  appreciably  shallower  than  in 
nesiotes.  The  surface  of  the  plates  is  covered  with  a  fine  nap  of 
small,  sharp,  delicate,  appressed  spinelets,  like  those  of  the  paxillae,^ 
except  in  the  middle  of  the  plate,  *here  they  are  only  about  half  as 
long. 

Inferomarginals  extending  laterally  beyond  the  superomarginals 
and  defining  ambitus,  forming  a  border  about  half  as  wide  as  the  su- 
peromarginals. The  abactinal  surface  is  covered  with  spinelets  like 
those  of  the  superomarginals  while  the  actinal  surface  is  beset  with 
shorter  and  thicker,  very  small,  sharp,  subcorneal,  slightly  squami- 
form  spinelets,  converging  and  increasing  in  length  toward  the 
aboral,  marginal  tumidity  of  the  plate  where  there  is  a  tuft  of  con- 
spicuous spinelets  as  in  Z?.  nesiotes^  6  to  8  tapering,  rather  stout,  and 
often  sharp  spinelets  being  of  predominant  size. 

Actinal  interradial  areas  large,  tapering  off  gradually  along  the 
ray.  The  series  adjacent  to  adambulacrals  extends  as  far  as  the  thir- 
teenth to  thirty-second  inf eromarginal  or  nearly  to  end  of  ray.  The 
second  series  extends  to  the  twenty-third  or  twenty-fourth,  or  three- 
fourths  the  length  of  ray,  the  third  series  to  about  the  sixteenth 
inf  eromarginal  or  nearly  half  the  length  of  ray.  The  front  series  ex- 
tends to  the  eighth  plate,  or  a  fifth  the  length  of  ray,  while  a  fifth 
series  extends  to  the  sixth  plate.  Between  this  point  and  the  first 
plate  the  plates  in  each  interradial  series  increase  in  number  from 
5  to  10.    Back  of  the  mouth  plates  is  a  pair  of  intermediate  plates,. 


Digitized  by  VjOOQIC 


148  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

and  from  these  the  odd  series,  containing  4  plates,  reaches  about  half- 
way to  the  marginal  plates.  The  intermediate  plates  have  a  oonyex 
ridge,  not  very  high,  bearing  numerous  lanceolate  appressed  squami- 
form  spinelets,  increasing  in  size  toward  the  furrow. 

Adambulacral  armature:  Furrow  spines  8  or  9  (7  far  along  rayi 
rectangular  in  section,  compressed,  bluntly  pointed,  lanceolate  in 
contour,  the  edge  to  furrow.  The  median  2  or  3  spines  are  a  little 
longer  than  the  base  line  of  the  series;  the  others  are  increasingiy 
shorter  toward  either  end  of  series.  Subambulacral  spines  25  to  80. 
Four  to  6  slender,  tapering,  somewhat  flattened,  sharp  spines,  about 
two-thirds  as  long  as  the  furrow  spines,  form  a  regular  series  just 
back  of  the  furrow  series.  The  remaining  spinelets  are  much  shorter 
and  form  2  or  3  irregular  longitudinal  series,  with  several  spindets 
out  of  line,  or  there  may  be  no  definite  arrangement 

The  denuded  mouth  plates  have  a  narrower  inner  end  than  in  D. 
nesioteSj  which  has  the  actinostomial  angle  of  the  combined  plates 
broad  and  rounded,  very  much  as  in  Z>.  grandissinvus  (Goto,  1914, 
pi.  8,  fig.  137).  The  margin  bearing  the  oral  spines  is  longer  than  in 
nesiotes  and  grandissimus^  especially  in  proportion  to  the  edge  ad- 
jacent to  first  adambulacral,  while  the  angle  formed  by  the  posterior 
ends  of  the  two  plates  is  wider  and  extends  farther  inward  than  in 
either  of  the  two  forms  mentioned.    (See  pi.  41,  fig.  Id.) 

Marginal  mouth  spines  10,  similar  to  those  of  the  adambulacral 
plates,  but  heavier  toward  the  inner  end.  The  convex  surface  is  be- 
set with  numerous  short,  thick, '  granuliform  spinelets,  increasing 
in  length  at  the  inner  end  of  the  plates.  Two  or  8  flattened  granuli- 
form  spinelets  form  a  very  simple  pedicellarian  apparatus  over 
the  median  suture,  near  outer  end  of  the  plates. 

Madreporic  body  large,  12  mm.  in  diameter,  situated  14  mm. 
from  inner  margin  of  superomarginal  plates  and  concealed  by  about 
25  large  paxillae  standing  on  its  surface. 

Type.—G^t  No.  37037,  U.S.N.M. 

Type-locality. — Station  5116,  Verde  Island  Passage,  north  coast 
of  Mindoro,  340  fathoms. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — Dipsacaster  imperialis  is  related  rather  closely  to  four 
species — D.  nesiotes^  D.  sladeni^^  D.  grandissim/usj*  and  D.  laetmc 
phUus.^  The  nearest  relative  seems  to  be  D.  nesiotes^  although  I  have 
not  been  able  to  make  comparisons  directly  with  specimens  of 
D.  grandissvm/us.  The  squarish  superomarginals  characterize  sU- 
deniy  nesiotes^   imperialism   and   laetmophilusy   while   grandissitmu 

^  Alcock,  1893,  p.  87,  pi.  5,  figs.  8  and  4 ;  Andaman  Sea,  250  fathoms. 

'Goto,  1914,  p.  252,  pi.  8,  figs.  180-189;  pi.  9,  figs.  140-141;  off  Mlsaki,  Japan,  840 
meters. 

*  Fisher,  lOlld,  p.  95,  pi.  12,  fig.  8 ;  pi.  15,  figs.  1,  2 ;  pL  52,  figs.  8,  8a,  85 ;  pi  53, 
fig.  2 ;  south  of  Alaska  Peninsula,  695  fathoms. 
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has  these  plates  conspicuously  broader  than  long  on  the  rays. 
Z>.  sladeni  has  larger  inferomarginal  spines  which  tend,  at  least 
proximally,  to  form  transverse  series,  and  differs  in  this  respect 
from  the  other  four.  In  addition  to  the  differential  characters  men- 
tioned in  the  diagnosis,  D.  imperiaUs  has  more  subambulacral 
spines  than  sladeni  (in  which  there  are  12),  and  the  latter  has  more 
elevated  actinal  intermediate  pUtes.  According  to  the  description 
^'  each  plate  has  the  appearance  of  a  very  large,  compact,  and  beauti- 
fully expanded  glomerular  paxilla,  owing  to  the  fact  that  the 
central  carina  of  the  plate  bears  a  multitude  of  stiff,  radiating  spine- 
lets  arranged  like  the  florets  of  a  composite  flower."  In  imperiaUs 
the  elevated  portion  of  the  plate  is  too  broad  and  the  spinelets  are 
too  short  to  give  this  appearance;  rather  the  mostly  four-cornered 
plates  look  as  if  covered  with  squamiform  granules. 

In  D.  laetmophilus  the  rays  are  broader,  with  a  distally  wider 
paxillar  area.  The  superomarginals  are  narrower,  with  deeper 
fascioles,  and  they  correspond  to  the  inferomarginals  on  the  outer 
part  of  the  ray  (as  in  sladeni).  The  adambulacral  furrow  spines 
are  7,  thinner  and  more  bladelike. 

The  principal  differences  between  this  species  and  grandissimtis 
are  contrasted  below  in  parallel  columns. 


D,  orandi89imu9. 


D,  imperialis. 


Kays  shorter  aud  blunter,  with  a 
subangiilar  Interbrachlum.  R=2.5  r; 
lu  figure  a  little  less. 

Superomarginals  from  near  middle 
of  ray  outward  nearly  twice  as  broad 
J  IS  long. 

Inferomarginals  uniformly  covered 
with  a  thick  coat  of  very  fine,  some- 
what flattened  spines  of  a  sUky  ap- 
[tearance. 


One  of  the  larger  paxtllae  near  mid- 
dle of  disk  with  45  spinelets. 

Actinal  Intermediate  plates  185  to 
e:^oh  of  the  5  areas;  actinal  spinelets 
very  small,  exactly  like  those  of  the 
Inferomarginal  plates. 


Rays  longer  and  sharper,  with  wide 
arcuate  interbrachia ;  hence  rays  are 
narrower  a  short  distance  above  base ; 
R=less  than  8  r. 

From  proximal  fifth  of  ray  outward 
plates  only  slightly  broader  (1.2)  than 
long. 

Actinal  surface  of  inferomarginals 
covered  with  very  small,  sharp,  sub- 
conical  and  slightly  squamiform,  spine- 
lets directed  toward  the  ambitus  and 
increasing  in  size  toward  the  outer 
tumid  margin  where  a  tuft  Is  enlarged 
on  the  aboral  border.  At  the  base  of 
ray  5  to  8  tapering  sharp  spinelets  are 
obviously  of  predominant  size. 

One  of  the  larger  paxUlae  from  disk 
with  85  spinelets  (some  with  fewer, 
some  with  more). 

Actinal  intermediate  plates  (in 
slightly  larger  specimen)  260± ;  actinal 
spinelets  swoUen,  papllliform,  bent  to- 
ward the  ambitus,  and  more  or  less 
squamiform,  with  a  broad,  lanceolate 
contour  and  a  rounded  or  pointed  tip. 


13434— Bull.  100—19- 
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Subambulacrul  spines  about  20.  Subambulacral  spines  26  to  35,  usu- 

ally 26  to  80. 
Mouth  plates  where  denuded  with  a  Mouth  plates  where  denuded  with  a 
broad  rounded  Inner  end  to  the  com-  narrow  inner  end  to  the  combined  pair 
bined  pair  and  no  appreciable  angle  and  a  longer  spine  bearing  furrow 
between  the  outer  ends ;  spine  bearing  margin ;  a  conspicuous  deep  angle  be- 
margin  adjacent  to  furrow,  shorter.  tween  the  diverging  outer  ends  of  the 

plates. 

Dipso/caster  pentagonaUa  Alcock,  also  from  the  Andaman  Sea, 
differs  in  having  conspicuous  inferomarginalcfpinules  and  an  enlarged 
subambulacral  spine. 

Dipsacaster  magniflcus  (H.  L.  Clark)  ^  is  probably  closely  related 
to  D.  imperialis.  Clark's  type  is  of  about  the  same  size  as  that  of 
imperioMaj  the  measurements  being  B,  155  mm.,  r.  50  mm.,  B=3  r, 
breadth  45  to  60  mm. 

The  species  of  Dipsacaster  lack  large  spines  or  other  prominent 
tangible  features  for  comparison,  so  that  distinct  forms  may  have 
a  close  superficial  resemblance.  This  is  the  case  with  Z>.  magmficus. 
In  general  appearance  it  greatly  resembles  imperidUs^  but  judging 
from  Clark's  careful  description  the  following  differences  exist: 

Although  magnificus  is  slightly  smaller  its  madreporic  body  Ib 
2  mm.  broader,  carries  50  instead  of  25  paxillae  on  its  surface,  and 
is  9  instead  of  14  mm.  from  the  inner  margin  of  the  superomarginal 
plates.  The  latter  are  46  or  47  instead  of  89  or  40  in  number.  They 
are  thus  smaller  than  in  imperialis.  Of  the  inferomarginals  Clark 
says :  "  Inferomarginals  correspond  in  number  and  position  with  the 
superomarginals,  but  are  much  larger  and  project  conspicuously 
beyond  them;  the  interradial  ones  are  2  mm.  long  by  9  mm.  wide 
(8  mm.  wide  in  imperialis),  while  those  near  the  middle  of  the  arm 
are  8  mm.  by  6  mm.  (4  by  5.2  in  imperialis) ;  their  covering  consists 
of  a  close  coat  of  short,  flattened,  blunt  spinelets,  much  coarser  than 
those  on  the  superomarginals."  In  imperialis  the  spinelets  are  short, 
sharp,  subcorneal,  slightly  squamiform,  in  general  not  much  larger 
than  the  superomarginal  spinelets  except  for  a  tuft  on  the  aboral 
tumidity  of  each  plate,  these  tufts  giving  a  serrate  appearance  to 
the  ambitus.  Clark  does  not  mention  these  enlarged  spinules,  and 
they  are  not  discernible  in  the  figures.  The  paxillae  are  a  little 
larger  than  in  magnificus,  the  glomerular  tuft  at  the  top  being  1.5 
mm.  in  diameter  on  the  disk,  where  the  spinelets  are  compact.  There 
are  80  or  31  oblique  transverse  rows  of  paxillae  meeting  the  first  10 
superomarginals,  or  8  to  a  plate  (usually  2,  but  sometimes  8  in 
magnificus).  In  imperialis  the  oblique  transverse  series  of  plates 
on  either  side  of  the  midradial  line  are  very  distinct.    The  plates 

^  Lonohotaater  magtUfloua  Clark,  1916,  p.  80,  pi.  6,  figs.  1  and  2;  Oreat  AustrallaD 
Bight,  80-120  fathoms. 
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virtually  form  chevrons  pointing  toward  the  center  of  disk,  but  the 
a^pezes  of  the  chevrons  are  not  defined,  because  the  regularity  of  the 
plates  is  interrupted  along  the  radial  line,  as  is  characteristically 
tlie  case  in  Dipsacaster.  There  are  no  means  of  comparing  the  form 
of  the  mouth  plates,  which  would  probably  give  valuable  data. 
While  no  record  is  made  of  the  internal  anatomy  of  magniflcus,  I 
think  there  is  little  doubt  that  it  is  a  typical  Dipsacaster. 

Lonchotaster  fordpifer  Sladen  is  based  on  what  is  probably  an  im- 
mature specimen.  Z.  tartareus  is  the  first  species  mentioned,  and 
may  serve  as  the  genotype,  since  none  was  designated.  The  genus,  as 
based  on  tartareus^  appears  to  be  a  near  relative  of  Dytaster.  There 
is  a  small  spine  on  each  marginal  plate,  and  one  on  most  of  the  actinal 
intermediate  plates.    (See  Sladen,  1889,  pi.  16.) 

In  this  connection  it  might  be  well  to  state  the  characters  which 
differentiate  D.  sladeni  and  D.  laetmophUus^  two  forms  very  similar 
in  general  habit.    I  have  compared  specimens. 


D.  laeimophilua, 

Spinelets  of  inferomarglnals  flat- 
tened and  narrow  -  sqaamiform  on 
actinal  surface,  becoming  rather 
broadly  sqnamiform  on  the  plates  of 
proximal  third  of  the  ray.  These 
spinelets  overlap  and  become  larger 
from  the  inner  edge  toward  the  am- 
bitus. 

Raised  ridge  of  inferon^arginal 
plates  (at  middle  of  ray)  when  de- 
nuded has  the  breadth  of  the  actinal 
face  8  or  a  *little  over  3  times  the 
Ien£^  of  the  inner  end  of  this  ridge, 
while  the  outer  end  (that  defining 
ambitus)  is  bent  slightly  distad. 

Actinal  intermediate  plates  very 
narrow  in  the  interradial  region,  the 
Interradial  dimension  at  least  twice 
the  other,  sometimes  3  or  3.5;  the 
fasdolar  grooves  separating  these 
plates  are  wide  and  clearly  marked 
(as  wide  as  denuded  tabulum  of  ad- 
jacent plates). 

Central  spinelets  of  actinal  inter- 
niediate  plates  decidedly  thicker  than 
the  peripheral  in  the  interradial  re- 
scion,  and  somewhat  squamiform  and 
appressed. 

Abactinal  plates  of  lateral  regions 
uf   area  roundish,  not  strongly  lobed. 


JD.  iladeni. 

Spinelets  of  inferomarglnals  uni- 
formly very  slender  and  spiculiform 
on  the  actinal  surface,  except  for  a 
few  enlarged  ones  at  outer  end  of 
plate. 


The  extreme  breadth  of  the  actinal 
aspect  of  ridge  is  about  2  times  the 
length  of  the  inner  end,  while  the 
outer  end  is  not  bent  distad. 


Tabulum  of  actinal  intermediate 
plate  not  so  compressed,  and  grooves 
more  or  less  masked  by  spinelets. 
The  actinal  plates  are  fewer,  but,  in 
proportion  to  width  of  inferomargl- 
nals are  larger. 


CJentral  spinelets  not  thicker  than 
the  peripheral,  but  slender  and  radi- 
ating. 

Abactinal  plates  of  lateral  regions 
of  area  strongly  lobed,  those  of  me- 
dian radial  region  slightly  scalloped. 
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DIPSACASTBR  DIAPHORUS 

Plate  12,  fig.  3;  plate  28,  fig.  2;  plate  29,  fig.  2;  plate  31,  fig.  1;  plate  41 
•  figs.  3,  3<»-c. 

DipsiHdBtvr  (liuphnrus  Fisher,  1913a,  p.  622. 

Diagnosis. — Similar  in  form  to  D,  sladeni^  but  diflfering  in  having 
short,  thick,  clavate,  or  subterete  thorny  paxillar  spmelets,  more 
numerous  adambulacral  spinules,  a  small  madreporic  body  and  less 
conspicuous  marginal  spinules;  all  the  shorter  spines  and  spineleCs 
thorny;  paxillae  with  20  to  25  spinelets;  furrow  spines  8  or  9,  very 
slender,  pointed,  slightly  compressed;  subambulacral  spinules,  15 
to  20  in  series  or  forming  a  sort  of  rosettelike  group  on  the  convex 
surface  of  plate;  madreporic  body  small.  Rays  rather  slender, 
disk  large,  interbrachia  abruptly  roimded.  R=31  mm.,  r=10  mm.. 
R==3  r+;  breadth  of  ray  at  base,  11.6  mm. 

Description. — Paxillar  area  compact.  Paxillae  comparatively 
large,  largest  laterally  at  base  of  ray  and  adjacent  interradial  regiixis 
of  disk ;  smaller  in  center  of  disk.  Pedicels  rather  short,  crowned  by 
a  capitate  group  of  20  to  25  thick  clavate  or  cylindrical  round-tipped 
minutely  thorny  spinelets,  about  as  long  as  the  pedicels,  and  rela- 
tively fewer  and  thicker  than  usual  in  this  genus.  Abactinal  plates 
relatively  large  and  close-set,  those  of  the  disk  roundish,  with  some- 
times an  indication  of  lobing,  becoming  broadly  elliptical  on  the 
radial  line  and  somewhat  four-sided  or  subelliptical  laterally.  The 
papulae  are  absent  from  center  of  disk  and  midradial  line,  but  this 
is  very  likely  due  to  the  small  size  of  specimens.  In  the  specimen 
from  station  5423  many  of  the  paxillae  have  the  spinelets  closely 
appressed  and  with  slightly  larger  tips,  resembling  a  simple  pedi- 
cellarian  apparatus. 

Superomarginals  23,  abactinal  in  position,  nearly  square  except  in 
the  interbrachia,  and  covered  with  slightly  spaced  spinelets  similar  to 
those  of  the  paxillae,  though  a  trifle  stouter  on  the  exposed  median 
area  of  the  plate.  Fascioles  wide  and  moderately  deep.  Terminal 
plate  broader  than  long,  saddle-shaped,  with  a  wide,  deep  notcli 
toward  the  paxillar  area. 

Inferomarginals  extending  laterally  beyond  the  superomarginaU 
and  corresponding  to  them,  plate  for  plate ;  in  width  about  equaling 
the  length  of  2  with  intervening  fasciole.  Plates  covered  with 
spaced,  appressed,  slender,  sharp,  sometimes  flattened  and  squami- 
form  spinelets,  becoming  a  tuft  of  longer  spinules  on  the  outer 
end.  Two  or  three  of  these  are  larger  than  the  rest,  arranged  in  i 
transverse  series  and  similar  to  the  lateral  spines  of  D.  sladeni, 
though  less  conspicuous. 

Actinal  interradial  areas  only  moderately  large;  the  plates  in  i 
larger  and  more  mature  specimen  would  probably  extend  farther 
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along  the  ray.  One  series  extends  to  tenth  inferomarginal,  or  a 
little  less  than  half  the  length  of  ray;  a  second  extends  to  fourth 
or  fifth;  and  a  third  extends  to  the  third  inferomarginal.  An  odd 
interradial  series  of  about  4  plates  extends  from  the  pair  of  plates 
back  of  the  jaws  to  the  margin.  The  plates  have  fairly  high  ridges 
crowned  by  15  or  more  slender,  very  thorny  spinelets,  larger  at  the 
tip  than  at  base,  and  longer  than  the  inferomarginal  spinelets. 

Adambulacral  plates  slightly  convex.  Furrow  spines,  8  or  9, 
long,  slender,  tapering,  pointed,  and  slightly  compressed,  but  not 
forming  a  wide  blade  as  in  the  foregoing  species,  the  3  or  4  median 
the  longest  (considerably  longer  than  plate)  and  the  others  gradu- 
ated in  length  toward  either  end  of  series.  Subambulacral  spinules 
15  to  20,  much  shorter,  thorny,  thickest  at  tip,  and  graduated  in 
length  from  the  curved  series  of  5  to  7  back  of  furrow  spines  to 
the  outer  edge  of  plate  where  the  spinelets  are  equal  and  similar  to 
those  of  actinal  intermediate  plates.  The  spinules  nearest  the  fur- 
row series  are  about  two-thirds  as  long  as  the  furrow  spines,  and 
the  lateral  and  outer  margins  of  plate  are  armed  with  spinelets, 
giving  the  appearance  of  a  rosette  on  some  plates.  The  subambu- 
lacral spinules  form  about  3  longitudinal  series,  but  often  outside 
the  first  series  a  regular  arrangement  is  not  discernible. 

Mouth  plates  with  a  marginal  series  of  8  or  9  long,  slender,  mar- 
ginal spines,  in  a  curved  series,  similar  to  the  furrow  spines,  in- 
creasing in  length  toward  the  inner  angle  where  they  are  cx)nsid- 
erably  larger  than  the  furrow  spines.  Suborals  on  the  inner  end 
of  plate  nearly  as  long  as  the  marginals,  and  thence  decreasing  in 
length'outward  until  they  are  subequal  to  the  actinal  intermediate 
spinelets.  They  are  numerous  in  about  3  series  parallel  to  median 
suture. 

Madreporic  body  small  for  the  genus,  about  its  own  diameter  from 
the  margin  and  overhung  by  3  or  4  large  paxillae. 

Type.— Cat  No.  30530,  U.S.N.M. 

Type-locality. — Station  5526,  between  Siquijor  and  Bohol  Islands, 
Philippine  Islands,  805  fathoms,  green  mud  and  globigerina,  bottom 
temperature  52.3°  F.;  1  specimen. 

Distribution. — Sulu  Sea.  Mindanao  Sea,  and  off  northern  Samar, 
383  to  805  fathoms.  ' 

Specimens  examined. — Five;  the  type  and  4  from  the  following 
stations : 

Station  5423,  Sulu  Sea,  near  the  Cagayanes  Islands,  508  fathoms, 
gray  mud,  coral  sand,  bottom  temperature  49.8°  F. ;  1  specimen. 

Station  5445,  north  coast  of  Samar,  383  fathoms,  green  mud,  bot- 
tom temperature  44.3°  F. :  2  specimens. 

Station  5528,  between  Siquijor  and  Bohol  Islands,  439  fathoms, 
globigerina  ooze,  bottom  temperature  53.3°  F. ;  1  specimen. 
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Remarks. — The  specimens  probably  are  all  immature,  although 
the  type  has  the  gonads  developed,  making  the  generic  determination 
certain.  The  examples  from  station  5445  are  small,  and,  owing  to  the 
lack  of  development  of  the  papulae  and  the  low  paxillae,  resemble 
narrow-rayed  Patagiaster.  It  would  be  difficult  to  distinguish  the 
young  of  these  2  genera,  since  the  distinction  depends  upon  the  dis- 
tribution of  gonads  and  papulae. 

This  species  is  similar  to  Z>.  sladeni  in  general  habit,  but  the 
paxillae  are  composed  of  thorny  clavate  spinelets  which  can  not 
bv  any  stretch  of  the  imagination  be  called  "  capillary."  They  are 
stouter  in  proportion  to  length  than  in  any  other  oriental  species. 
The  marginal  spines  are  not  so  well  developed,  and  even  though  the 
specimens  are  small  the  adambulacral  plates  have  8  or  9  furrow 
spines  and  upward  of  20  subambulacral  spinules.  The  madreporic 
body  is  rather  small. 

Genus  PATAGIASTER  Fisher. 

Pat<igiadter  Fishes,  1906,  p.  1029.    Type,  P.  nuttinffi  Fisher. 

PATAGIASTEB  SPHABRIOPLAX  Flshflr. 

Plate  28,  fig.  8 ;  plate  29,  fig.  8 ;  plate  41,  figs.  4,  4a. 
Patagiaster  sphaerioplax  I^ishkb,  1918a,  p.  628. 

Diagnosis. — Differing  from  P.  nuttingi  in  having  shorter,  broader 
rays,  larger  paxillae  with  more  numerous  granules;  in  having  the 
paxillae  in  a  definite  radial,  and  parallel  longitudinal  series;  in 
having  broader  marginal  plates  and  slenderer  actinal  spinulation. 
R=28  mm.,  R=12  nun.,  R=2.3  r;  breadth  of  ray  at  base,  13.5  mm. 
Disk  large,  rays  short,  tapering  from  wide,  rounded  interbrachia  to 
a  pointed  extremity ;  general  form  depressed ;  sides  of  ray  rather  thin, 
rounded. 

Description. — Paxillar  area  very  compact,  the  paxillae  crowded 
and  large.  The  smallest  paxillae  are  on  the  central  portion  of  disk, 
in  a  circle  with  a  radius  of  about  one-half  r;  they  increase  rapidly 
in  size  and  are  largest  on  the  peripheral  interradial  regions  and 
proximal  radial  areas,  decreasing  slightly  in  size  toward  the  end  of 
ray.  A  regular  radial  series  is  clearly  discernible,  the  others  being 
arranged  parallel  to  this,  as  in  Ps&adar chaster  and  many  other 
Goniasteridae.  In  a  transverse  line  across  the  base  of  the  ray  13  to 
15  of  these  series  can  be  counted.  Three  ^series  reach  the  end  of  the 
ray.  The  larger  paxillae  have  a  convex  flaring  crown  with  about 
30  to  40  elongate  regular  beadlike  granules,  surrounded  by  a  periph- 
eral series  of  numerous,  slender,  short  spinelets,  some  of  which  are  in- 
termediate in  form  with  the  central  granules.  As  compared  with 
P.  nuttingi^  the  paxillae  of  sphaerioplax  are  larger,  not  only  com- 
paratively but  actually,  especially  on  the  rays,  and  there  is  a  smaller 
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a.rea  of  small  paxillae  on  the  disk.  The  median  radial  series  of 
paxillae  is  not  easily  distinguishable  in  nuttingi^  as  the  radial  paxillae 
generally  are  smaller  than  the  lateral,  and  not  very  regularly  ar- 
ranged. In  nuttingi  there  are  over  20  poorly  defined  longitudinal 
series,  as  the  paxiUae  arrange  themselves  more  readily  in  oblique 
transverse  series.  Such  an  arrangement  in  oblique  series  is  observ- 
able in  sphaerioplax,  in  addition  to  the  longitudinal  series.  Finally, 
the  paxillae  of  sphaerioplax  contain  many  more  granules  than  those 
of  nuttingi. 

Superomarginal  plates  19,  encroaching  conspicuously  upon  abac- 
tinal  area,  rather  wide  in  the  interbrachia  and  decreasing  regularly 
and  rapidly  in  width  toward  end  of  ray.  The  width  of  the  first 
plate  equals  the  length  of  3  measured  at  the  outer  end,  while  at 
the  tip  the  width  only  slightly  exceeds  the  length.  The  plates  form 
a  slight  bevel,  and  the  rounded  upper  edge  of  the  ray  is  near  the 
outer  end  of  the  plate.  The  plates  are  covered  with  beadlike  gran- 
ules and  a  peripheral  series  of  slender  spinelets,  becoming  capillary 
in  the  deep,  narrow,  f  asciolar  grooves.  Terminal  plate  ovoid,  gran- 
ulate. 

Inferomarginals  corresponding  to  superomarginals  and  extending 
very  slightly  beyond  them  laterally,  a  longitudinal  f asciolar  furrow 
separating  the  2  series.  They  encroach  upon  the  actinal  surface 
about  as  much  as  do  the  superomarginals  upon  the  abactinal,  but 
their  lateral  surface  is  slightly  more  extensive,  so  that  the  extreme 
width  of  the  plates  exceeds  slightly  that  of  superomarginals.  The 
plates  are  covered  with  slender,  papilliform,  slightly  appressed 
spinelets,  and  in  addition  proximally  3,  then  2,  and  distally  1 
slender,  lanceolate,  appressed  spinules  in  the  median  transverse  line. 
The  armature  is  similar  to  that  of  P.  nuttingi^  but  the  spinelets  and 
enlarged  spinules  are  slenderer  and  the  latter  are  a  little  smaller. 
The  interbrachial  plates  of  both  series  in  nuttingi  are  a  trifle  nar- 
rower and  the  inferomarginals  project  a  little  more  laterally. 

Actinal  interradial  areas  extensive;  intermediate  plates  extending 
in  a  single  series  half  the  length  of  furrow  (to  sixth  inferomar- 
ginal)  and  in  2  series  a  little  over  a  third  the  furrow  (to  third 
inferomarginal).  The  odd  interradial  series  has  4  [plates,  and 
extends  from  a  pair  of  plates  back  of  the  jaws  to  the  interradial 
suture  between  the  2  first  inferomarginals  (as  in  P.  nuttingi).  The 
plates  have  a  conspicuous  keel  and  carry  a  paxilliform  group  of  15 
to  18  slender,  rather  long  spinelets,  those  in  center  the  stoutest  and 
prickly  at  the  slightly  expanded  tips.  The  spinelets  are  slenderer 
and  longer  than  in  P.  nuttingi. 

Furrow  spines  slender,  pointed,  slightly  compressed,  in  a  regular 
comb  of  6,  sometimes  7,  the  contour  of  the  distal  margin  being 
curved.    Subambulacral  spines,  12  to  16,  slender,  terete,  with  prickly 
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tips,  3  or  4  along  either  lateral  margin  being  the  smallest,  and  a 
series  of  3  or  4  back  of  the  furrow,  nearly  as  long  as  the  furrow 
spines.  Three  longitudinal  series  can  usually  be  discerned,  the  spine- 
lets  in  the  outermost  series  being  similar  to  those  of  the  actinal  inter- 
mediate plates. 

Mouth  plates  rather  narrow,  forming  a  salient  inner  angle.  Mar- 
ginal spines  about  9,  gradually  increasing  in  size  toward  the  inner 
teeth,  which  are  flattened  and  bladelike,  the  outer  members  being 
compressed  and  similar  to  adambulacral  furrow  spines.  The  series 
is  continued  along  the  lateral  margin  in  8  or  10  short  terete 
pointed  spinelets.  Suborals  similar  to  the  subambulacrals,  15  to  18 
in  number,  in  2  series,  one  along  the  median  suture  and  the  other 
intermediate  and  parallel  to  the  outer  margin  but  not  reaching 
the  inner  end  of  the  plate. 

Madreporic  body  small,  wholly  concealed,  a  little  nearer  marginal 
plate  than  center  of  disk  and  nearly  in  tlie  middle  of  r. 

Tube  feet  with  a  conical  button  at  tip. 

Type.— Cat  No.  30531,  U.S.N.M. 

Type-locality. — Station  5178,  vicinity  of  Eomblon  Island,  Philip- 
pine Islands  (lat.  12°  43'  N.;  long.  122°  06'  15"  E.),  78  fathoms,  fine 
sand;  1  specimen. 

Distribution. — Known  only  from  the  type-locality. 

Remarks. — ^This  is  a  well-marked  species  of  Patagiaster^  differing 
from  the  type  P.  nuttingi  of  the  Hawaiian  Islands  in  having  shorter 
rays,  larger  paxillae  with  much  more  numerous  granules,  in  having 
the  paxillae  arranged  in  very  definite  longitudinal  series  parallel  to 
tne  radial  series,  which,  with  the  adradial  paxillae,  are  subequal  to 
the  lateral  plates,  not  smaller  and  irregularly  arranged.  The  mar- 
ginal plates  are  broader  in  sphaerioplax  and  the  actinal  spinulation 
more  delicate. 

This  genus  was  established  for  a  single  species,  but  the  group  is  a 
well-marked  one,  for  in  addition  to  nuttingi  and  sphaerioplax^  I 
have  examined  a  third  species  dredged  by  the  Albatross  in  Japan. 
The  resemblance  between  this  Japanese  species  and  Pseudar chaster 
is  very  striking,  as  indeed  is  that  of  splmerioplax.  But  the  pointed 
tube  feet,  concealed  madreporic  body,  and  the  character  of  the  fur- 
row comb  are  all  different,  the  first  character  being  the  fundamental 
one  which  places  Patagiaster  in  the  Astropectinidas.  Although  the 
new  species  is  less  like  Dipsacaster  than  is  P.  nuttingi^  I  still  believe 
that  the  relationship  is  rather  close. 

Patagiaster  differs  from  Dipsacaster  in  having  the  gonads  con- 
fined to  the  interradial  regions,  not  festooned  along  the  ray,  in  lack- 
ing papulae  on  the  midradial  region  and  center  of  disk,  and  in  hav- 
ing the  paxillar  spinelets  more  granuliform,  although  this  last  char- 
acter is  partly  bridged  by  Dipsacaster  diaphorus.    It  differs  from 
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Plutonaater  in  having  an  odd  interradial  series  of  actinal  interme- 
diate plates,  and  a  different  type  of  marginal  armature ;  from  Tethy- 
aster  in  having  the  gonads  confined  to  the  interradii,  and  a  less 
an^lar  and  less  astropectenoid  type  of  adambulacral  armature. 
From  Leptychctater^  to  which  it  is  closely  related,  Patagiaster  differs 
in  having  armed  inferomarginals  and  a  less  angular  and  longer 
comb  of  furrow  spines,  as  well  as  a  truly  concealed  madreporic  body. 
In  Zeptychaster  the  testes  are  serially  arranged  along  either  side  of 
the  ray,  while  the  ovaries  are  strictly  interradial  and  in  a  single 
tuft  on  either  side  of  the  interradial  septum. 

Genus  KOREMASTER  Fisher. 

Koremaater  (subgenus)   Fisheb,  1913a,  p.  623.     Type,  Dy taster   {Korem- 
aster)  evaulus  Fisher. 

Diagnosis. — Differs  from  typical  Dytaster  in  having  a  very  weak 
abactinal  integument,  Astropectenlike  paxillae  with  well-developed 
pedicels  and  relatively  long,  slender  spinelets;  and  in  having  the 
marginal  fascioles  well  developed.  Pedicellariae,  marginal  armature, 
and  adambulacral  armature,  gonads,  and  alimentary  system  as  in 
Dytaster,  An  odd  interradial  series  of  actinal  intermediate  plates, 
often  irregular,  is  present,  and  the  madreporic  body  is  smaller  and 
less  densely  covered  with  paxillae  than  in  Dyiaster, 

KOREMASTER  EVAULUS  (Fisher). 

Plate  33,  fig.  2 ;  plate  34,  fig.  2 ;  plate  40,  figs.  2,  2a-e. 
Dytaster  {Koremaster)  evaulus  Fisher,  1913cr,  p.  623. 

Diagnosis. — Rays  5.  R=62  mm.,  r=15.5  mm.,  R=4:  r;  breadth 
of  ray  at  interbrachium  19  mm.,  at  tenth  superomarginal  9  mm.; 
interbrachium  arcuate  or  rounded-angular;  rays  arcuately  taper- 
ing and  narrow  beyond  the  basal  fourth;  abactinal  integu- 
ment inflated;  paxillae  well  developed,  often  penicillate,  with  fairly 
tall  pedicels  and  slender,  pointed,  thorny  spinelets;  abactinal,'  glo- 
bose pedicellariae;  well-developed  marginal  fascioles;  marginal 
plates  small,  blocklike,  with  a  stout  conical  spine;  actinal  inter- 
mediate pedicellariae;  furrow  spines  much  compressed,  7  or  8;  sub- 
ambulacral  spines,  6  to  10,  1  being  enlarged;  usually  1  or  2  sub- 
ambulacral  pedicellariae;  first  adambulacral  plate  compressed;  mar- 
ginal mouth  spines  much  compressed. 

Description. — Abactinal  integument  rather  thin,  inflated.  Paxil- 
lae fairly  uniform,  not  crowded,  with  well-developed  pedicels  on 
disk  and  proximal  half  of  ray,  becoming  low  and  Dytaster-like  on 
the  outer  part.  Largest  paxillae  are  on  the  madreporic  body,  but 
aside  from  these  the  next  largest  are  found  in  the  interradial  regions 
and  adjacent  portion  of  the  proximal  half  of  ray,  the  smallest 
paxillae  being  on  center  of  disk,  midradial  line,  and  distal  half 
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of  ray.  The  difference  in  size  is  not  great  until  the  outer  third  of 
ray  is  reached.  The  spinelets  are  slender,  tapering,  and  pointed^ 
and  are  slightly  shorter  to  slightly  longer  than  height  of  pediod, 
the  latter  being  the  variable  feature.  Usually  they  are  borne  in  a 
brushlike  tuft,  but  sometimes  radiate  apart  A  large  paxilla  has 
15  to  20  spinelets,  of  which  3  to  5  stand  on  the  convex  top  of  the 
pedicel  and  the  others,  with  a  slight  basal  web,  form  a  peripheral 
series.  The  distinction  between  the  two  sets  is  not  sharp.  When 
dried,  the  spinelets  are  glassy  in  appearance  and  minutely  thorny; 
and  the*  paxillae  resemble,  on  a  small  scale,  those  of  Crossaster 
papposus. 

Scattered  over  the  paxillar  area  and  occurring  rather  commonly 
around  the  border,  are  lower  paxillae  bearing'  globose  pedicellariae 
composed  of  3  to  5  scalelike  granules,  or  very  low,  broad,  convex 
squamiform  papillae.  The  pedicellaria  resembles  a  large  globular 
granule  split  nicely  into  3  to  5  sections. 

Abactinal  plates  of  ray  have  a  generally  broadly  elliptical  out- 
line, but  are  irregular  and  often  indented  or  scalloped.  They  are 
spaced,  except  at  end  of  ray  and  center  of  disk.  Papulae,  4  to  6 
about  each  plate,  absent  from  end  of  ray  and  center  of  disk. 

Marginal  plates  rather  small,  regular,  opposite,  and  square,  as 
seen  from  side,  and  forming  a  perpendicular  lateral  face  to  ray. 
They  are  separated  by  pronounced  and  abrupt,  vertical  fascioles, 
lined  with  delicate  spinelets.  Superomarginals,  37  to  the  ray,  mi- 
croach  very  slightly  upon  the  paxillar  area,  and,  as  seen  from  above, 
are  of  about  the  same  width  throughout  the  series,  this  equaling 
about  one-half  the  height  of  the  plates  proximally,  while  distally 
the  height  gradually  lessens  and  becomes  equal  to  the  width.  The 
plates  form  an  evenly  rounded  edge  to  the  dorsal  surface,  and 
each  bears  on  this  rounded  margin  between  the  dorsal  and  lateral 
faces  an  erect,  stout,  conical,  sharp  spine  3  mm.  long  proximally 
(or  equal  to  2  plates  in  length).  Sometimes  the  spine  is  shorter. 
The  spinelets  covering  the  plate  are  very  similar  to  the  paxillar 
spinelets,  delicate,  tapering,  or  slightly  swollen  and  sharp;  and 
when  dried  they  are  thorny,  as  are  all  the  spines  and  spinelets. 

Inferomarginal  plates  encroach  conspicuously  upon  actinal  sur- 
face, the  actinal  facet  of  the  plate  being  wider  than  the  lateral  in 
the  interbrachium  and  about  equal  on  distal  half  of  ray.  The  cover- 
ing of  the  plates  is  similar  to  tiiat  of  the  superomarginals,  and  ami- 
larly  on  the  angle  between  the  actinal  and  lateral  facets  of  plate  is  a 
conical  sharp  spine  subequal  to  or  proximally  a  trifle  larger  than  tiic 
corresponding  superomarginal  spine,  the  series  being  very  regular, 
and  the  length  decreasing  toward  the  extremity  of  ray. 

Terminal  plate  as  seen  from  above  broadly  arrow-shaped  with  a 
deep  indentation  equal  to  half  its  length  on  the  proximal  side  and 
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bearing  on  the  rounded  tip  a  stout,  sharp  central  spine  with  one  on 
either  side,  and  between  them  numerous  accessory  sharp,  slender 
spinules. 

Actinal  interradial  areas  large,  but  owing  to  the  narrowness  of 
rays  the  plates  do  not  extend  beyond  the  eighth  inferomarginal,  or 
about  a  fourth  the  length  of  ray  measured  along  side.  They  are 
arranged  in  not  very  regular  series  extending  from  the  adambulacrals 
to  margin,  toward  which  the  plates  diminish  in  size.  There  is  an 
odd  interradial  series.  The  plates  are  externally  irregularly  po- 
lygonal to  roundish,  with  a  central  eminence  crowned  by  a  con- 
spicuous low  pedicellaria,  similar  in  structure  to  those  of  the  abacti- 
nal  surface,  but  much  larger,  and  composed  of  from  4  to  8  low, 
broad,  swollen,  blunt  papillae,  surrounded  by  a  circle  of  several 
slender  spinelets.  The  pedicellaria  resembles,  in  miniature,  the  bud 
of  a  flower  with  fleshy  petals,  except  1  or  2  near  the  mouth  plates, 
which  are  pectinate.  On  the  ray  the  pedicellariae  have  sometimes 
slightly  longer  jaws.  The  figure  will  better  show  the  form.  Here 
and  there  are  plates  without  pedicellariae,  capped  by  a  group  of 
divergent  slender  spinelets.  In  the  small  specimen  from  station 
5601  the  pedicellariae  are  much  fewer. 

Adambulacral  plates  narrow,  being  much  longer  than  wide,  with  a 
rounded  furrow  margin  bearing  7  or  8  fairly  long,  bluntly  pointed, 
compressed  spines,  widened  and  bladelike  at  the  base,  and  some- 
times rather  abruptly  constricted  near  the  tip,  the  median  spines 
being  slightly  the  longest  and  all  forming  a  vertical  comb.  Close 
to  these  on  the  surface  of  the  plate  is  an  irregular  longitudinal 
series  of  6  to  10  cylindrical,  pointed  spines,  of  which  1,  near  center, 
is  much  enlarged  and  subequal  to  the  furrow  spines  or  sometimes 
longer,  while  tiie  rest  are  graduated  in  size  toward  either  end.  But 
on  the  outer  part  of  the  ray  the  other  spines  are  abruptly  smaller, 
one-half  to  two-thirds  the  length  of  the  larger,  and  not  clearly  ar- 
ranged in  a  series.  Most  of  the  plates  bear  a  prominent  pedicellaria 
with  usually  3  jaws  (slightly  longer  than  those  of  interradii)  and 
usually  situated  at  the  aboral  end  of  plate.  Many  plates  bear  a 
second  pedicellaria,  sometimes  slightly  smaller  than  the  other,  near 
the  middle  or  the  adoral  end.  The  specimen  from  station  3601 
seldom  has  an  adambulacral  pedicellaria  and  the  niimber  of  sub- 
ambulacral  spines  is  therefore  greater  (8  to  12).  The  furrow  spines 
are  not  widened  at  the  base;  perhaps  this  is  an  attribute  of  age. 
First  adambulacral  plate  somewhat  triangular  and  compressed. 

Mouth  plates  convex  actinally,  the  combined  pair  projecting  into 
actinostome  for  half  their  length,  and  broader  at  outer  than  at 
inner  end.  Furrow  spines  7,  the  inner  heavy  and  compressed,  and 
much  larger  than  the  adambulacral  furrow  spines.  They  are  broken 
in  the  type,  but  they  decrease  in  size  toward  the  first  adambulacral. 
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and  the  series  is  continued  along  the  adambulacral  margin  by  a 
number  of  smaller,  cylindrical,  pointed  spines.  Numerous  similar 
spines  cover  the  surface  of  the  plates  forming  2  or  3  irregular  series. 

Madreporic  body  5  mm.  in  diameter,  or  one-third  minor  radius, 
and  situated  less  than  its  own  diameter  from  margin  of  paxillar 
area.  Fine,  irregular  striae  proceed  from  near  the  center.  About 
15  paxillae  spring  from  the  surface. 

Color  in  alcohol,  bleached  yellowish. 

Tube  feet  rather  large,  pointed,  but  with  a  small  conical  knob  at 
the  tip ;  no  deposits. 

Typc.—C^X.  No.  30532,  U.S.N.M. 

Type4ocality.—^izi\on  5606,  Gulf  of  Tomini,  Celebes,  834  fath- 
oms, green  mud. 

Distribution. — Known  only  from  Gulf  of  Tomini,  Celebes. 

Specimens  examined. — The  type  and  a  specimen  from  station  5601. 
Gulf  of  Tomini,  Celebes,  sand,  globigerina,  and  pteropods. 

Remarlcs. — This  species  is  remarkable  for  the  typical  paxillae  and 
well-developed  marginal  fascioles.  Among  the  species  of  Dytaster 
dredged  by  the  ChaUenger  it  shows  most  resemblance  to  D.  spinosus. 
but  has  perpendicular  sides  to  the  ray,  taller  and  more  penicillate 
paxillae,  and  characteristic  pedicellariae.  D.  aequivoeus  Sladen  is  a 
very  immature  form  from  the  Araf ura  Sea,  west  of  the  Aru  Islands, 
800  fathoms.  On  this  account  it  can  not  be  compared  with  Konm- 
aster  evaulus. 

The  genus  ^'Crenaster  "  of  Perrier  is  based  on  the  absence  of  actina! 
intermediate  and  abactinal  pedicellariae,  on  the  smaller  number  of 
actinal  intermediate  plates,  and  on  the  presence  of  an  enlarged  sub- 
ambulacral  spine.  Yet  in  the  descriptions  of  Crenaster  m/>Uis  and 
C.  spintdosus  no  mention  is  made  of  this  enlarged  spine.  In  Dytaskr 
grandis  the  enlarged  subambulacral  is  present  on  the  outer  pan 
of  the  ray  and  there  are  abundant  pedicellariae.  Both  forms  of 
Koremasier  have  the  enlarged  subambulacral  spines  plus  pedicel- 
lariae. The  distinction  based  on  less  numerous  actinal  intermediate 
plates  does  not  hold.  In  so  far  as  ^''Crenaster  "  rests  on  these  char- 
acters it  is  not  a  workable  group. 

Korem^aster  differs  greatly  in  appearance  from  typical  Dytaster* 
such  as  nohiUs  and  grandis  {=niadreporifer  Sladen),  The  paxillae 
are  liigher,  with  long  spinelels,  and  are  more  like  those  of  Astro- 
pecten;  the  marginal  plates,  at  least  proximally,  have  well-developed 
fascioles,  and  are  therefore  thicker  than  in  typical  Dytaster;  the 
actinal  intermediate  plates  are  more  convex  and  paxillifonn,  while 
an  irregular  odd  interradial  series  of  plates  is  present.  In  typical 
Dytaster  this  character  is  apparently  variable,  but  exact  data  are 
lacking  in  some  species.    The  odd  series  is  present  in  gilberti^  but 
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absent  apparent  in  nohilis  and  exUis;  in  grandis  it  seems  to  be 
variable,  but  the  plates  are  usually  irregular,  so  that  it  is  hard  to 
trace  the  series.  In  gilherti  the  paxillae  are  f  iairly  high,  though  the 
spinelets  are  short,  and  at  the  base  of  the  ray  the  marginal  plates 
are  separated  by  f ascioles,  less  well  developed  than  in  Karemaster, 


KOREMASTER  EVAULUS  SPICULATUS.  new 

Plate  33,  fig.  1 ;  plate  34,  fig.  1 ;  plate  40,  figs.  3,  3ch-/. 

Diagnosis, — Very  close  to  the  type-species,  but  differing  in  having 
more  elongate  and  conical  pedicellariae  with  less  modified  jaws, 
fewer  pedicellariae,  terete  furrow  spines,  slightly  wider  mouth  plates, 
and  less  compressed  first  adambulacral  plates.  R=44  mm.,  r=12 
mm.,  R=3.66  r.  General  form  slightly  variable,  the  rays  either 
tapering  directly  from  abruptly  rounded  interbrachial  angle,  or 
arcuately,  the  interbrachium  being  open  and  rounded. 

Description. — Abactinal  surface  and  paxillae  very  similar  to  those 
of  the  type,  but  the  pedicellariae  are  either  few  or  entirely  absent. 
They  seem  to  occur  only  around  the  edge  of  the  paxillar  area  next 
to  the  marginal  plates,  and  they  have  the  much  slenderer  and  pro- 
portionately higher  jaws*  less  modified.  In  some  pedicellariae  the 
jaws  are  very  nearly  like  short  sharp  spines,  such  as  occur  on  paxillae. 

Abactinal  plates  irregularly  elliptical  on  rays  to  subcircular  at 
center  of  disk,  where  they  are  close  together,  but  spaced  on  the  rays; 
4  or  5  papulae  about  each  plate ;  the  papulae  are  absent  from  end  of 
niy  and  center  of  disk ;  abactinal  integument  thin  and  flexible. 

Marginal  plates  in  proportions  and  armature  practically  like  those 
of  evauhis.  One  specimen  only  has  a  second  much  shorter  accessory 
spinule  on  the  inner  edge  of  most  of  the  superomarginal  plates. 
Superomarginals  30  in  type.  Terminal  plate  shorter  and  blunter 
than  in  evaulus^  being  only  a  little  longer  than  wide,  but  is  never- 
theless variable.  Some  approach  very  close  to  evanlus.  Inferomar- 
ginals  rarely  with  2  spines  side  by  side. 

Actinal  intermediate  plates  extending  to  about  the  tenth  or 
eleventh  inferomarginal  or  nearly  half  the  ray — proportionately  far- 
ther than  in  evauhis.  The  odd  interradial  series  is  sometimes  not  so 
evident  as  in  evaulus^  owing  to  its  having  been  crowded  to  one  side, 
but  usually  it  is  perfectly  plain.  The  plates  are  either  wholly  with- 
out pedicellariae  or  with  a  variable  number.  These  have  3  to  5 
spiniform  jaws,  which  are  less  modified  than  in  evaulus.  They  vary 
in  form  from  unmodified  spines  to  elongate  curved  spatulate  swollen 
papillae.  Only  in  one  specimen  do  they  approach  closely  those  of 
eraulus^  but  this  specimen  also  has  pedicellariae  with  the  elongate 
spiniform  type  of  jaw.    A  comparison  of  figures  will  host  illustrate 
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the  difference.  (PL  40,  fig.  Sc.)  Besides  the  pedicellariae  the  plates 
bear  upward  of  10  slender  spinelets. 

Adambulacral  armature :  Furrow  spines  6  or  7,  long,  fairly  slender, 
terete,  and  sharp,  and  when  dry  minutely  thorny.  They  show  no 
sign  of  the  compression  characteristic  of  evaulua^  and  they  usually 
extend  in  a  fanlike  series  horizontally  across  the  furrow,  being  nearly 
equal,  except  that  either  or  both  laterals  may  be  shorter  and  slenderer, 
especially  when  there  are  7  spines  to  the  series.  Subambulacral 
spines  usually  in  2  series.  In  the  first  are  5  to  8,  of  which  1  near  the 
center  is  enlarged  and  nearly  or  quite  as  large  as  the  median  furrow 
spines ;  the  rest  are  either  successively  shorter  as  at  the  base  of  ray 
or  abruptly  shorter.  The  outer  series  consists  of  5  to  8  spinelets 
similar  to  those  of  the  actinal  intermediate  plates.  Along  either 
transverse  margin  of  plate  are  2  or  3  spinelets  belonging  to  the 
above  series,  with  sometimes  1  or  2  added.  On  the  outer  half  or 
third  of  the  ray  the  enlarged  subambulacral  spine  is  considerably 
longer  and  stouter  than  the  furrow  spines,  for  the  reason  that  it 
remains  nearly  uniform  in  size  while  the  furrow  spines  rapidly 
shorten.  Subambulacral  pedicellariae  are  so  rare  as  to  be  a  negligible 
character.  The  first  adambulacral  plate  is  not  compressed,  tiiough 
a  little  wider  than  the  succeeding. 

Mouth  plates  broad  and  convex,  a  trifle  broader  in  proportion  to 
length  than  in  evatdi^.  Marginal  spines  6  to  8,  terete,  tapering, 
pointed,  the  inner  about  half  as  long  as  the  plate,  the  rest  successively 
shorter.  Suboral  spines  numerous  and  smaller,  in  a  well-defined 
series  of  8  to  10  along  the  edge  of  the  median  suture,  decreasing  in 
length  from  the  teeth  outward,  and  in  about  2  irregular  inter- 
mediate series.  The  marginal  series,  as  in  evauliis^  is  continued  by 
smaller  spines  along  the  adambulacral  margin. 

Madreporic  body  large,  less  than  its  own  diameter  from  margin, 
and  with  about  12  paxillae  on  the  surface.  One  of  them  is  very  much 
larger  than  the  rest,  this  difference  not  being  evident  in  the  type  of 
evaulus^  though  indicated  in  a  less  extreme  form  in  the  small  specimen 
from  station  8601. 

Anatomical  notes. — Stomach  large,  and  not  divided  into  dorsal  and 
ventral  divisions;  hepatic  coeca  short,  extending  only  about  one- 
fifth  the  length  of  ray ;  intestinal  coecum  small  and  in  the  form  of  a 
simple  ovoid  sac;  anal  aperture  small.  (Gonads  not  confined  to  inter- 
radius,  but  in  the  form  of  a  series  of  several  independent  tufts, 
diminishing  rapidly  in  size  distad  and  reaching  nearly  to  the  middle 
of  ray.  Polian  vesicle  in  each  interradius  except  that  of  stone  canal; 
ampullae  large,  2-parted.  Superambulacral  plates  very  small,  want- 
ing opposite  the  first,  and  either  very  rudimentary  or  absent  opposite 
the  second  ambulacral  plates. 

Type.— Ceit.  No,  87018,  U.S.N.M. 
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Type-locality. — Station  5332,  Mindoro  Strait,  west  of  Mindoro, 
Philippine  Islands,  745  fathoms,  green  mud,  bottom  temperature 
38.2«  F. 

DistribtUion. — Known  only  from  the  type-locality. 

Specimens  examined. — Seven,  from  the  type-locality. 

Remarks. — ^This  form  resembles  so  closely  evatUus  that  it  has  been 
described  as  a  geographical  race,  although  no  specimens  from  inter- 
mediate localities  have  been  examined.  The  differences  are  mainly 
as  follows:  evavlv^  has  fewer  and  higher  pedicellariae  with  less 
modified  jaws,  and  they  are  not  found  on  the  adambulacral  plates; 
the  mys  are  a  little  shorter  and  the  disk  relatively  a  little  larger; 
the  actinal  intermediate  plates  extend  farther  along  the  ray;  the 
furrow  spines  and  marginal  mouth  spines  are  terete,  not  markedly 
compressed;  the  subambulacral  spines  are  in  2  series,  but  this  is 
sometimes  the  case  in  the  foregoing  species. 

Family  LUIDIIDAE  Verrill. 

Genus  LUIDIA  Forbes. 

Luidia  FoBBES,  Mem.  Wernerian  Nat.  Hist  Soc,  vol.  8,  1889,  p.  128.    Type, 
L.  froffUissima  (=L.  cUiaris  (PhUlppl)). 

KBT    TO    THB    SPBCIBS    OF   LUIDIA    HBBBIN    DBSCBIBBD. 

o*.  Rays  5,  and  paxlUae  never  with  a  conspicuous  central  spine. 

b\  Inferomarglnals  with  a  single  conspicuous  lateral  spine  and  several  short, 
appressed  actinal  splnules. 
o*.  Adambulacral  armature:  a  furrow  spine,  a  large  subambulacral  spine, 
and  adorad  to  this,  a  long,  slender,  two- jawed  pedlcellaria. 

lonffispina,  p.  164. 
c^.  Adambulacral  armature:  a  furrow  spine  and,  proximally,  5  subambu- 
lacral spines;  distaUy,  3;  no  adambulacral  pedicellariae. 

prionoia,  p.  164. 
5*.  Two  or  3  conspicuous  spines  (sometimes  4  or  5)  In  a  transverse  series 

on  Inferomarginal  plate ;  similar  In  general  appearance  to  L.  sarH 

orientalU,  p.  160. 
a\  Rays  7  to  11. 

6*.  PaxiUae  without  a  conspicuous  central  spine,  or  If  this  Is  present  then 
only  on  outer  part  of  ray. 
o^.  Rays  usually  8 ;  paxlUae  of  lateral  rows  quadrate  or  roundish  quadrate, 
compact,  without  a  conspicuous  pedlcellaria ;  no  large  naked  spaces  be- 
tween the  Inferomarginal  plates ;  never  any  pedicellariae  in  furrow 

maculata,  p.  168. 
<^.  Rays  constantly  11 ;  paxlllae  spaced,  delicate,  with  a  conspicuous  central 
pedlcellaria  and  also  several  on  the  sides  of  the  pedicels;  inferomar- 
glnals separated  actinally  by  large,  naked  spaces;  a  few  proximal 
adambulacral  plates  with  a  slender  pedlcellaria  just  dorsal  to  furrow 

spine gymnochora,  p.  175. 

^'.  Some  of  the  paxlllae  of  lateral  parts  of  ray,  at  least,  with  conspicuous 
central  spine. 
o^.  No  pedlcellaria  just  dorsal  to  furrow  spine. 

^.  Rays  7  (sometimes  as  few  as  5) ;  inferomarginal  spines  usually  3,  In 
a  transverse  series aavignyi,  p.  170. 
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d\  Rays  8  to  10;  inferomarginal  spines  usually  4  to  6,  sometioies  onl; 

3  In  small  specimens aspera^  p.  ITL 

c".  A  small  two-jawed  pedicellaria  Just  dorsal  to  the  furrow  spine;  rays  10. 

avicularia,  p.  172. 
LUIDIA  L0NGI8PINA  SUden. 

Plate  48,  fig.  5. 

Luidia  longisfHna  Sladen,  1889,  p.  254,  pi.  48,  figs.  8  and  4;  pi.  45,  flp. 
8  and  4. 

Two  specimens  are  larger  than  Sladen's  type.  The  larger  his 
the  following  dimensions:  R=74  mm.,  r=10.5  mm.,  R=7  r.  The 
specimens  agree  with  Sladen's  description.  There  is  a  fifth  regular 
series  of  abactinal  paxillae.  The  paxillae,  as  noted  by  Sladen,  are 
distinctly  spaced  except  along' the  median  area  of  ray. 

Type. — In  British  Museum. 

Type-locality. — ChallengeT  station  208,  east  of  Panay  Island. 
Philippine  Group,  20  fathoms,  mud. 

Distribution. — Philippine  Islands,  from  Samar  and  Panay  to 
Tawi  Tawi ;  18  to  24  fathoms,  mud  or  fine  sand. 

Specimens  examined. — Five  specimens  from  the  following  Philip- 
pine stations : 

Station  5157,  8.8  miles  northeast  Tinakta  Island,  Tawi  Tawi 
Group,  Sulu  Archipelago,  18  fathoms,  fine  sand ;  surface  temperature, 
79° ;  1  small  specimen. 

Station  5182,  off  eastern  Panay  (8.7  miles  southeast  Antonii 
Island),  24  fathoms,  fine  sand,  mud;  surface  temperature,  80**;  3 
specimens  (1  very  young). 

Station  5209,  off  western  Samar  (1.8  miles  northeast  Taratan 
Island),  20  fathoms,  green  mud;  surface  temperature,  84**;  1 
specimen. 

LUIDIA  PBIONOTA  FislMr. 

Plate  41,  figs.  5,  5a ;  plate  45,  figs.  1,  2. 

Luidia  prUmota  Fisher,  1913c,  p.  202. 

Diagnosis. — Similar  in  general  form  to  Luidia  farficifera  Sladen. 
but  differing  in  lacking  entirely  adambulacral  pedicellariae,  in  hav- 
ing proximally  at  least  5  adambulacral  spines  in  addition  to  the 
curved  furrow  spine,  the  4  outer  forming  2  longitudinally  oriented 
pairs;  central  spinelets  of  paxillae  not  granuliform;  marginal  spine 
usually  longer  than  extreme  width  of  inferomarginal  plate:  actinal 
intermediate  pedicellariae  usually  absent.  Rays  5.  R=32  mm.. 
r=5  mm.,  R=6  r;  breadth  of  ray  at  base,  6  mm.  Abactinal  surface 
slightly  arched,  usually  plane  on  radial  region  of  ray;  inferomar 
ginals  slightly  arched,  forming  a  broad  border  to  actinal  surface: 
marginal  spines  fairly  long,  single,  forming  a  prominent  fringe  to 
ambitus. 
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Description. — ^Paxillae  arranged  as  in  Z.  forflcifera^  there  being 

3  regular  series  of  fairly  large,  subquadrate  ones,  with  a  fourth  and 
even  a  fifth  series  of  smaller  paxillae  distinguishable.  The  paxillae 
are  slightly  spaced,  the  larger  having  upward  of  15  to  20  peripheral, 
slender  spinelets,  and  10  or  12  stouter  and  shorter  central  spinelets, 
which  are  longer  and  less  granuliform  than  in  forficifera.  The 
smaller  paxillae  vary  greatly  according  to  their  position,  an  average 
median  paxilla  having  upward  of  12  peripheral  and  7  or  more  central 
spinelets.  The  dorsal  surface  differs  from  that  of  L.  forficifera 
chiefly  in  the  longer  central  spinelets  of  the  paxillae.  The  dorso- 
lateral paxillae  are  about  intermediate  between  the  quadrate  and 
rotund  forms.  In  a  specimen  from  station  5158  the  central  spinelets 
are  little  if  any  stouter  than  the  peripheral. 

The  type  of  inferomarginal  armature  resembles  that  of  L.  for- 
ficifera^  but  the  lateral  spine  is  longer,  usually  exceeding  the  width 
of  the  plate,  except  at  the  very  base  of  the  ray  where  it  about  equals 
the  width.  The  spine  is  flattened,  narrow,  and  pointed.  Between 
the  base  of  the  spine  and  the  inner  end  of  plate  is  a  straight  series  of 
about  4  (8  to  5)  short,  lanceolate  spinules;  or  there  may  be  a  second 
series  of  about  3  spinules  adorad  to  the  above,  as  in  forficifera;  oc- 
casionaDy  the  q)inules  form  a  zigzag  series.  A  series  of  very  deli- 
cate spinelets  fringes  either  transverse  border  of  the  plate,  and  they 
are  not  swollen  at  the  inner  end  of  the  plate  as  in  forficifera.  The 
marginal  f ascioles  are  fairly  deep  and  about  as  wide  or  a  little  wider 
than  the  thickness  of  the  intervening  ridges. 

Adambulacral  armature:  (1)  A  rather  long,  curved,  compressed 
furrow  spine  (about  equaling  1.5  times  the  width  of  plate),  followed 
by  a  stouter,  slightly  longer,  pointed  spine,  slightly  curved  at  the 
base.  (2)  Just  external  to  this,  side  by  side,  are  2  stout  unequal 
tapering  pointed  spines,  the  aboral  often  the  larger  and  usually  a 
little  shorter  than  the  foregoing.  (3)  These  are  foDowed  by  another 
pair  of  smaller  spines,  of  which  the  aboral  is  usually  the  larger — 
standing  also  in  a  longitudinal  series  with  reference  to  ray.  Beyond 
the  base  of  the  ray  these  spines  are  usually  absent.  (4)  On  the 
first  2  or  3  plates  1  or  2  small  spinules  stand  behind  the  second 
pair  of  spines.    On  the  outer  part  of  the  ray  there  are  present  only 

4  spines,  namely,  the  furrow,  the  inner  subambulacral,  and  the  first 
pair  of  spines  (No.  2  above).  There  is  no  subambulacral  pedicel- 
laria  as  in  forfieiferoj  the  adoral  spine  in  the  first  pair  occupying 
its  position.  The  second  pair  of  spines  is  present  in  a  very  few 
proximal  plates  in  forficifera. 

Proximally  the  actinal  intermediate  plates  bear  a  very  few  deli- 
cate, short,  spinelets,  which  decrease  to  1,  and  finally  disappear  on 
the  distal  half  of  ray.    The  2  interradial  plates  bear  a  tuft  of  spine- 
lets.   Two  specimens  without  locality  have  two-jawed  tapering  pedi- 
13434— BuU.  100—19 ^12 
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cellariae  on  the  interradial  plates  (in  one  of  them,  not  on  all) .  The 
other  specimens  entirely  lack  pedicellariae,  such  as  are  present  in 
forficifera. 

The  mouth  plates  form  a  salient  angle  into  actinostome,  and  at 
the  inner  end  of  each  pair  of  plates  are  2  large  two- jawed  pedicel- 
lariae half  as  long  as  the  interradial  width  of  the  plate  and  extend- 
ing side  by  side  horizontally  over  actinostome.  Seen  from  the  actiiud 
surface  they  are  slightly  tapering,  bluntly  pointed.  Six  to  eight  sharp 
spines  occupy  the  outer  margin  between  the  pedicellaria  and  outer 
end  of  plate,  and  about  the  same  number,  close  to  the  above,  follow 
the  margin  of  the  narrow  median  suture. 

Type.—C9Lt.  No.  32622,  U.S.N.M. 

Type-locality, — Station  5181,  off  eastern  Panay  (6.6  miles  northeast 
Antonia  Island) ,  26  fathoms,  mud  and  fine  sand,  surface  temperature 
80°  F.;  6  specimens  (4  young). 

Distribution. — Panay  to  Tawi  Tawi  Group,  12  to  26  fathoms. 

Specimens  excmdned. — Nine — 6  from  the  type-locality,  2  without 
locality,  and  1  from  station  5158,  1.9  miles  southeast  of  TinakU 
Island,  Tawi  Tawi  Group,  Sulu  Archipelago,  12  fathoms,  coarse 
sand,  shells. 

Remarks, — L,  prionota^  on  account  of  the  absence  of  adambulacral 
pedicellariae  and  the  large  number  of  adambulacral  spines  proxi- 
mally  can  not  be  confused  with  L,  forficifera  or  L,  qvinaria  (includ- 
ing L.  limhata).  It  differs  from  L,  penangensis  de  Loriol,  whidi 
has  constantly  6  rays,  and  a  prominent  madreporic  body,  in  having 
larger  paxillae,  in  lacking  adambulacral  pedicellariae,  and  in  having 
more  than  3  adambulacral  spines.  Luidia  cJiefttensis  Grube  is  ap- 
parently a  museum  name  only.  According  to  Sladen  (1889,  p.  253) 
it  has  not  been  described.  This  form  is  said  by  Sladen  to  have  a 
comb  of  4  or  more  spinelets,  running  parallel  to  the  furrow,  behind 
2  single  curved  spinelets,  apparently  in  the  position  occupied  by 
the  inner  pair  of  spines  of  prionota. 

The  absence  of  adambulacral  and  abactinal  pedicellariae  suggests 
Lvddia  clathrata  of  the  West  Indies  and  southern  United  States. 
and  L.  foliolata  (southern  Alaska  to  Mexico). 

LUmU  ORIENTALIS  Flaher. 

Plate  48,  figs.  2-4 ;  plate  44»  fig.  1 ;  plate  4«,  fig.  3. 

Luidia  orientalis  Fisher,  1913c,  p.  203. 

Diagnosis. — ^Related  to  L.  sarsi  Diiben  and  Koren,  L.  afrioana 
Sladen,  and  L,  asth^nosoma  Fidier.  Closely  resembling  Z.  astheruh 
soma^  from  which  it  differs  in  having  deeper  and  broader  marginal 
fascioles,  slightly  longer  inferomarginal  and  adambulacral  spines, 
longer  inferomarginal  spinelets,  and  actinal  intermediate  pedicel- 
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lariae  tapering  slightly  when  seen  from  side  (untapered  or  obovate 
in  asthenosoma) .  Eays  5.  R= about  120  mm.,  r=about  14  mm.  The 
tip  of  ray  is  regenerating,  so  that  the  original  was  considerably 
longer.    Breadth  of  ray  at  base,  15  mm. 

Description. — ^The  paxillae  greatly  resemble  those  of  Z.  astheno- 
somaj  having  longer  and  slenderer  spinelets  than  are  present  in 
sar&i,  even  a  little  longer  than  in  africana.  The  small  paxillae  of 
median  portion  of  ray  have  slender  pedicels,  which  usually  are 
broader  at  the  top  and  bear  1  to  4  or  5  central  and  8  to  12  periph- 
eral, thorny,  sharp  spinelets  about  three-fourths  the  length  of  the 
pedicel.  The  crest  of  the  superomarginal  paxillae  is  crescentiforni, 
with  the  concavity  abutting  on  the  upper  end  of  the  inferomarginal. 
Each  paxiUa  bears  20  to  30  long,  slender  spinelets.    There  are  about 

2  regular  series  of  paxillae  parallel  to  the  superomarginal,  of  which 

3  correspond  to  5.5  of  the  dorsolateral.  Karely  an  obovate  two- 
jawed  pedicellaria  is  present  on  one  of  the  small  median  paxillae. 
These  are  usually  numerous  in  asffienosoma. 

The  inferomarginals  have  slightly  higher  special  ridges  separated 
by  broader  f asciolar  furrows  than  in  sarsi  and  asthenosoma^  and  the 
ridges  are  slightly  thinner  in  proportion  to  the  extreme  width  of 
the  plate.  In  orientalia  the  furrow  in  width  equals  1.5  times  the 
thickness  of  the  ridge,  while  in  asthenoBoma  the  two  are  \eiy 
nearly  equal.  The  inferomarginal  plates  bear  on  the  outer  half 
2  stout,  long,  sharp,  subterete  spines,  the  upper  usually  the 
longer  and  equaling  3  plates  in  length.  A  third,  considerably 
shorter  spine  is  usually  present,  spaced  from  the  lower  lateral  spine, 
and  at  the  base  of  ray  is  a  fourth  still  smaller,  accompanied  by 
several  slender,  accessory  spinules.  One  of  these  may  occasionally 
form  a  fifth  spine.  On  the  outer  part  of  ray  there  are  usually  3  sub- 
terete,  sharp,  equidistant  spines,  graduated  in  length  toward  the 
outer,  or  2  lateral  and  2  considerably  smaller  (perhaps  only  half 
the  length  of  the  outer)  on  the  inner  half  of  plate.  The  spaced 
superficial  spinelets  are  long  and  slender,  longer  than  in  sarsi  or 
asthenosoma^  and  reaching  nearly  across  the  intervening  furrows. 

Actinal  intermediate  plates  broader  than  long,  with  a  rounded 
inner  end  overlapping  broadly  the  adambulacral  plates.  The  plates 
bear  1  to  3  spinules  on  a  boss  near  the  inner  end,  and  spaced  from 
these  a  pedicellaria  with  2  broadly  spatulate  jaws.  (See  fig.  3, 
pi.  46.) 

The  adambulacral  armature  is  of  the  type  of  sarsi  and  astheno- 
soma,  consisting  of  a  transverse  series  of  8  long  spines,  the  outer 
2  terete,  tapering,  and  subequal,  or  the  median  slightly  longer,  and 
two-thirds  the  length  of  the  longest  lateral  spine.  Just  adorad  to 
the  2  outer  spines  are  usually  2  unequal  spinules.  In  ostTienosoma 
the  spines  are  practically  the  same  but  a  little  shorter. 
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Mouth  plates  and  armature  practically  the  same  as  in  Z.  astheno- 
8oma^  but  the  median  suture  broader.    (Fisher,  1911rf,  pi.  21,  fig.  1.) 

Color  in  alcohol,  bleached  yellowish  brown. 

Type.— C^ii.  No.  32628,  U.S.N.M. 

Type-locality. — Station  5801,  China  Sea,  vicinity  of  Hongkong 
(lat.  20^  87'  N.;  long.  115**  48'  E.),  208  fathoms,  gray  mud,  sand, 
bottom  temperature  50.5°  F. 

Distrzbutian.-^'Kno'wn  only  from  the  type-locality. 

Remarks. — ^This  species,  as  stated  in  the  diagnosis,  resembles  most 
nearly  Z.  asthenoaoma^  from  off  the  coast  of  California,  to  which  it 
is  very  closely  related.  It  is  also  related  to  L,  sarsi^  L.  elegans,  and  L. 
africana.  It  differs  from  L.  sarsi  in  having  longer  paxillar,  marginal, 
and  actinal  spines,  broader  and  deeper  marginal  furrows;  it  differs 
from  elegcms  in  practically  the  same  respects,  and  in  lacking  the  nu- 
merous abactinal  pedicellariae  of  elegans.  L.  elegans  and  L.  sarsi  are 
verj'  close,  probably  but  races  of  the  same  species.  It  differs  from  L, 
africarui^  which  represents  elegans  on  the  east  side  of  the  Atlantic, 
in  having  broader  inferomarginal  fascicles,  longer  inferomarginal 
spinelets,  more  tapered  actinal  pedicellariae,  and  agrees  with  it  as 
well  as  with  a^thenosoma  in  having  longer  rays  than  sarsi. 

As  L.  asthenosama  is  not  known  north  of  central  California,  its 
range  is  widely  separated  from  that  of  arientalis.  L.  africam/i^  the 
nearest  form  to  the  westward,  is  found  in  the  Atlantic  off  northern 
Africa.  It  would  appear,  therefore,  that  L.  orientalis  is  isolated 
from  its  two  nearest  relatives.  L.  sarsi^  L.  elegans,  L.  africana^  L, 
asthenosoma,  and  L.  orientalis  all  bear  a  rather  close  resemblance, 
and  the  differences  which  separate  the  species  are  less  trenchant  per- 
haps than  are  usuaUy  relied  upon  to  separate  species  of  starfishes. 
The  range  of  variation,  so  far  as  known,  is  slighter  than  in  most 
species  of  starfishes,  so  that  the  characters,  even  if  relatively  slight, 
are  apparently  constant  and  trustworthy.  The  range  of  variation  is 
unknown  in  L.  orientalis,  since  there  is  only  one  specimen  known. 

LUIDIA  MACULATA  MUler  and  TroMhcl. 

iMidia  maculata  Mt^LLEB  and  Tboschel,  1842,  p.  77  (Japan).  For  descrip- 
tion and  bibliography  see:  Perrier,  1875,  p.  338;  Koehler,  1895,  p.  387; 
1910&,  p.  267. 

Notes  on  Philippine  specimens. — ^The  two  nearly  equal-sized  speci- 
mens from  station  5346,  Palawan,  8  fathoms,  present  some  points  of 
difference  when  compared  with  a  presumably  typical,  large  example 
from  Misaki,  Japan.  The  Palawan  specimens  have  R=135  to  140 
mm.,  although  some  of  the  8  rays  are  shorter  than  this,  having 
been  broken  and  subsequently  regenerated.  In  the  Japanese  speci- 
men, R=175  mm. :  rays  8.  The  paxillae  of  the  Palawan  specimens  are 
distinctly  smaller,  and  not  rectangular  as  are  those  of  the  Japanese 
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example,  and  are  evidently  similar  to  those  of  a  specimen  from  Bata- 
\-ia,  described  by  Perrier  (1875,  p.  339).  The  paxillae  form  5  or  6 
regular  series  in  either  side  of  the  ray,  but  present  a  more  open  ap- 
pearance, due  to  their  much  fewer  than  normal  number  of  spinelets 
and  to  the  rounded  corners  of  the  crowns.  A  large  paxilla  at  the  base 
of  the  ray  has  a  circular  or  broadly  elliptical  contour  to  the  strongly 
convex  crown,  which  consists  of  12  to  18  imequal,  blunt,  peripheral 
spinelets,  and  7  to  12  shorter,  stouter,  subtruncate,  spaced,  divergent 
central  spinelets.  The  stoutest  commonly  stands  in  the  center  sur- 
rounded by  a  circle  of  6,  these  in  turn  surrounded  by  a  partial  cycle 
of  slenderer  q)inelets,  intermediate  in  robustness  between  the  central 
and  the  outermost.  A  considerable  but  variable  number  of  the  su- 
peromarginal  paxillae,  as  well  as  a  less  number  in  the  next  series  ad- 
jacent, have  1  or  2  pedicellariae  with  2  tapering  jaws  varying  from  a 
trifle  stouter  and  longer  to  a  triflie  shorter  than  the  spinelets.  In  the 
Japanese  specimen  the  paxillae  have  upward  of  25  central  and  25 
or  30  much  slenderer  peripheral  spinelets,  while  the  crowns  are  squar- 
ish or  transversely  oblong,  and  rather  close-set.  The  superomarginal 
paxillae  are  nearly  square,  and  a  variable  number  have  an  inconspicu- 
ous 2-  or  3-jawed  spiniform  pedicellaria,  usually  on  the  outer  longi- 
tudinal margin.  I  do  not  think  this  has  been  mentioned  in  current 
descriptions. 

The  adambulacral  armature  consists  of  a  curved,  strongly  com- 
pressed furrow  spine  followed  by  a  much  longer,  tapering,  slightly 
compressed  spine.  This  in  turn  is  followed  by  2  (sometimes  3)  large 
pedicellariae  with  3  long,  slender  jaws,  more  than  one-half,  sometimes 
two-thirds  the  length  of  the  subambulacral  spine.  The  outer  pedi- 
cellaria is  situated,  as  a  rule,  upon  an  actinal  intermediate  plate,  of 
which  a  single  series  is  interpolated  between  the  inf  eromarginal  and 
adambulacral  plates.  Barely,  at  the  base  of  the  ray  there  are  3  adam- 
bulacral spines,  the  outermost  much  smaller  than  the  principal  spine. 
In  addition  there  are  several  small  spinelets  along  the  transverse  mar- 
gins of  the  plate.  Koehler  (19106,  p.  267)  records  3  or  4  adambula- 
cral spines  on  2  specimens  from  Aru,  and  from  1  to  3  pedicellariae. 
The  Misaki  specimen  alluded  to  above  has  2  adambulacral  spines 
(rarely  3),  followed  by  3  or  4  conspicuous  pedicellariae.  The  num- 
ber of  adambulacral  spines  is  therefore  variable.  The  pedicellariae 
of  the  Palawan  specimens  are  narrower  at  the  base,  consequently 
longer  in  proportion  to  width  than  are  those  of  the  Misaki  specimens. 
The  number  of  inferomarginal  spines  is  proximally  4  (sometimes 
3),  the  2  innermost  decreasing  in  size  along  the  ray.  The  innermost 
spine  is  reduced  to  an  inconspicuous  spinule  very  soon,  while  tho 
next  persists  for  a  variable  distance,  there  being  usually  on  the  outer 
half  only  2  prominent  spines,  the  2  outer  ones  of  the  proximal 
half.   Between  these  two  there  is  often  1  or  2  prominent  pedicellariae, 
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with  2  or  8  jaws  similar  in  form  to  those  of  the  adambulacral  plates, 
but  only  about  two-thirds  as  long,  and  a  trifle  stouter.  In  the  Misab 
specimen  the  inferomarginal  pedicellariae  are  fewer  and  only  abom 
half  or  less  than  half  the  length  of  the  larger  adambulacral  pedi- 
cellariae. 

The  specimen  from  the  Tawi  Tawi  Islands  is  young  (R  equaling  86 
mm.),  but  more  typical  in  appearance.  The  paxillae  are  quadrate. 
close-set,  and  there  are  3  adambulacral  spines,  followed  by  a  large 
pedicellaria,  which,  however,  belongs  to  the  actinal  intermediate 
plate.  This  pedicellaria  is  not  present  beyond  the  middle  of  raj. 
Inferomarginal  spines,  generally  2. 

The  Palawan  specimens  differ,  therefore,  from  typical  L.  nuicul^A 
in  having  smaller,  roundish  paxillae  with  fewer  spinelets,  and  in  hav- 
ing prominent  superomarginal  pedicellariae.  Specimens  from  numer- 
ous Philippine  localities  must  be  examined  before  the  status  of  the« 
variations  can  be  satisfactorily  determined. 

7'f/pe. — In  the  Museum  of  Leyden  (Miiller  and  Troschel). 

Type-locality, — Japan. 

Dwfrihvtion. — tlapan;  Macclesfield  Bank;  Philippine  Islands: 
Singapore;  Malacca;  Mergui  Archipelago;  Andaman  Islands;  Indis 
(Coromandel,  Tuticorin,  Madras,  Bay  of  Balasore,  Ceylon) ;  Mozam- 
bique; Java  Sea;  Aru  Islands;  Torres  Straits. 

Specimens  examined, — Three. 

Station  5164,  8  miles  northeast  Observation  Island,  Tawi  Tawi 
Group,  Sulu  Archipelago,  18  fathoms,  green  mud;  1  specimen. 

Station  5346,  Malampaya  Sound,  Palawan  (10°  50'  30"  N.;  119^ 
22'  20"  E.),  7  fathoms  mud;  1  specimen. 

LUmU  SAVIGNYI  (Aadoain). 

Asterias  mvignyi  Aidouin,  Description  de  V  fig>T)te,  Echlnodermes,  1906. 

p.  209,  pi.  3. 
Luidia  savignyi  Gkay,  1840,  p.  183. — ^Pebrieb,  1875,  p.  340. 
Luidia  savignii  (part)  MClleb  and  Tboschel,  1842,  p.  77.    For  deacriptioQ 
j  and  bibliography  see  Perrler,  1875,  p.  340;  De  I^riol,  1885,  p.  72;  Koehler. 

1910cf,  p.  10,  pi.  1,  fig.  5.  pi.  6,  fig.  3. 

A  small  seven-rayed  specimen  is  referred  to  this  species.  There 
is  little  doubt  that  it  represents  true  Z.  savignyi^  although  there  are 
as  yet  no  adambulacral  pedicellariae.  R=27  mm.,  r=5  mm.  Adam- 
bulacral spines  3,  or  sometimes  4,  there  being  a  spine  out  of  line 
(adorally)  between  the  second  and  third  spines.  The  abactinal 
spines  are  very  stout.  Koehler  (1910a,  p.  10)  gives  excellent  critical 
and  descriptive  notes,  and  a  photographic  figure  of  the  abactinal 
surface  of  a  specimen  from  the  Andaman  Islands  and  of  another 
from  Mauritius. 
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The  specimens  recorded  from  Portuguese  East  Africa  by  Simpson 
and  Brown  (1910,  p.  49)  as  Z.  aspera  probably  belong  to  this  species. 
They  have  7  rays.    L.  aavignyi  is  not  mentioned  by  the  authors  cited. 

Type-lbcaUty. — ^Red  Sea. 

Distribution. — ^Eed  Sea;  east  coast  of  Africa;  Mauritius;  Andaman 
Islands;  Sulu  Archipelago;  Philippine  Islands. 

Specimen  examined. — Station  6159,  Tinakta  Island,  Tawi  Tawi 
Group,  Sulu  Archipelago,  10  fathoms,  coral  sand. 

LUmU  A8PERA  Steden. 

Luidiu  aspera  Sladkn,  1889,  p.  248,  pL  43;  figs.  1  and  2 ;  pi.  45,  figs.  9  and  10. 

The  single  specimen  is  small  (R=46  mm.)  and  has  8  rays.  Koeh- 
ler  (1910a,  p,  15)  remarks  that  L.  aspera  is  very  close  to  L.  savignyi^ 
and  that  the  differences  between  the  two  species  concern  the  number 
of  inferomarginal  spines,  and  the  number  of  rays  (7  in  savignyi^  8  to 
10  in  aspera).  It  seems  to  me  that  the  two  species  are  extremely 
close.  I  regret  that  there  is  not  adequate  material  to  throw  more 
li^t  upon  their  relationship. 

In  the  Sulu  specimen  the  spine-bearing  paxillae  (irregularly  dis- 
tributed in  3  series  on  either  side)  are  separated  by  2  rows  of  plain 
paxillae  from  the  inferomarginal  plates,  except  at  the  base  of  the 
ray,  where  3  are  present,  as  in  Sladen's  type.  There  are  3  well-devel- 
oped adambulacral  spines  in  a  transverse  series,  the  middle  the  long- 
est, followed  by  1  large  pedicellaria  having  3  (occasionally  2)  slender, 
Hometimes  narrowly  spatulate,  jaws,  over  half  (often  three-fourths) 
as  long  as  the  longest  spine.  There  are  commonly  3  prominent  in- 
feromarginal spines,  with  or  without  a  small  spine  at  inner  end  of 
plate;  or  2  prominent  spines  followed  by  2  smaller  spines.  In  the 
type  there  are  4  to  6  in  a  transverse  series.  The  smaller  number  of 
marginal  spines  and  the  absence  of  a  second  adambulacral  pedicel- 
laria in  my  specimen  may  well  be  due  to  its  immaturity. 

The  record  of  L.  aspera  from  Portuguese  East  Africa  (Simpson 
and  Brown,  1910,  p.  49)  probably  refers  to  L.  savignyi^  as  mentioned 
under  that  species. 

Type. — In  British  Musemn. 

Type-locality. — Not  stated  definitely;  description  based  on  speci- 
mens from  off  Zamboanga  and  Tablas  Island,  Philippine  Islands, 
10  to  115  fathoms,  and  from  north  of  Admiralty  Island,  150  fathoms. 

Distribution. — Philippine  Islands,  Admiralty  Island;  9  to  150 
fathoms,  green  mud,  coral  mud,  coral. 

Specimen  examined. — Station  5165,  off  Observation  Island,  Tawi 
Tawi  Group,  Sulu  Archipelago,  9  fathoms,  coral. 
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LUIDU  AVICULABU  fi^er. 

Plate  43,  fig.  1 ;  plate  .44,  fig.  2  (see  also  plate  44,  fig.  3,  L.  moroUooM) ; 

plate  46,  figs.  2,  2a-o. 

Luidia  avicularia  Fisheb,  1913o,  p.  208. 

Diagnosis. — Very  closely  related  to  L.  Integra  Koehler,  which  it 
resembles  in  general  appearance  but  from  which  it  differs  in  the 
following  particulars:  Scattered  spinopaxillae  among  the  normal 
paxillae  of  the  3  dorsolateral  series;  superomarginal  and  abactinal 
paxillae  with  small  two- jawed  pedicellariae;  central  spinelets  of 
superomarginal  and  abactinal  paxillae,  sharp,  longer  than  thick,  not 
granulif  orm ;  inf eromarginals  encroaching  conspicuously  upon  abac- 
tinal area  and  with  marginal  spines  varying  from  2  to  6;  infero- 
marginal  pedicellariae  present  on  some  of  the  plates;  the  character- 
istic furrow  pedicellariae,  proximally  with  dorsal  jaw  curved  over 
end  of  the  slightly  curved  ventral  jaw;  proximal  adambulacral  plates 
with  generally  more  than  8  spines,  and  more  than  1  subambulacral 
pedicellaria,  pedicellariae  sometimes  replacing  the  spines;  gener- 
ally 2  large  dental  pedicellariae,  directed  over  the  peristome.  Rays 
10.  E=196  mm.,  r=18  mm.,  R=10.5  r;  a  shorter  ray,  R=175  mm.; 
breadth  of  ray  at  base,  18  mm. ;  breadth  15  mm.  from  base,  at  widest 
part,  17  to  18  mm.  Eay  gradually  tapering,  blunt,  abactinal  surface 
slightly  convex. 

Description. — ^The  most  important  abactinal  feature  in  which  am- 
cularia  diflFers  from  Integra  is  in  the  presence  of  relatively  few, 
central,  sharp  spines  (smaller  than  those  of  the  superomarginal 
plates)  on  the  3  dorsolateral  regular  rows  of  paxillae,  the  rather 
more  roimded  contour  of  the  latter,  and  the  presence  on  many  of  the 
paxillae  (both  superomarginal  and  abactinal)  of  a  small  two-jawed, 
spiniform  pedicellaria.  On  the  abactinal  plates  the  pedicellaria  is 
generally  marginal  and  about  as  long  as  the  peripheral  spinelets. 
On  the  superomarginal  paxillae  (where  2  pedicellariae  are  occa- 
sionally present)  it  frequently  is  found  at  the  outer  adoral  comer, 
or  near  the  proximal  rather  than  the  distal  transverse  margin* 
The  armature  of  the  center  of  the  tabulum'  consists  of  upward  of 
15  sharp,  short  spinelets  (not  granules)  surroimding,  without  defi- 
nite order,  the  stout,  sharp  central  spinule,  which  varies  in  length 
from  a  little  longer  to  a  little  shorter  than  the  width  of  paxilla 
crown.  The  peripheral  spinelets  are  slender  and  upward  of  80. 
Another  4ijf erence,  rather  striking,  but  possibly  not  constant,  is  the 
fact  that  when  viewed  from  above  the  inferomarginals  form  a  broad 
border  to  the  abactinal  area,  often  equaling  the  combined  width  of 
the  2  adjacent  series  of  paxillae.  I  am  inclined  to  think  this  is 
constant  and  due  to  the  more  arched  inferomarginals.  The  upper 
end  of  the  inferomarginals,  judging  by  Koehler's  photographic  fig- 
ures, are  not  at  all  conspicuous  in  integra. 
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The  inferomarginal  plates  have  a  strong  crest  or  ridge  and  en- 
croach narrowly  upon  the  actinal  surface.  Their  armature  is  less 
constant  than  in  Integra  and  varies  from  8  to  6  spines,  but  is 
usually  either  3  or  4,  less  commonly  5,  rarely  6.  Sometimes  there 
are  3  large,  spaced  spines,  increasing  in  length  toward  the  outer 
(which  equals  2.5  or  3  plates  in  length) ;  sometimes  2  shorter  internal 
spines  are  followed  by  a  pair  of  larger,  more  widely  spaced  spines ; 
again,  1  or  2  small  inner  spines  are  followed  by  2  (or  3)  larger^ 
the  upper  end  of  the  plate  being  occupied  by  1  or  2  abruptly  smaller 
spines  (4  to  6  in  all).  On  the  outer  part  of  the  ray  there  are 
usually  3  spines,  and  near  the  tip  2,  only.  A  number  of  plates^ 
especially  adorally,  have  1  or  2  two- jawed  pedicellariae  near  the 
middle  of  the  adoral  margin  of  the  crest,  varying  in  size  but  smaller 
than  the  large  subambulacral  pedicellaria.  These  are  lacking  in 
yniegrcu 

A  single  series  of  actinal  intermediate  plates  is  present,  which 
beyond  the  twelfth  or  thirteenth  inferomarginal  bear  no  spinelets 
or  pedicellariae;  the  proximal  ones  bear  a  tuft  of  slender  spinelets. 

Beyond  the  basal  fourth  of  the  ray  the  adambulacral  armature 
consists  of  3  spines  (often  4,  rarely  5)  in  a  transverse  series,  the 
median  usually  the  longest,  with  a  large  two- jawed,  slender,  taper- 
ing pedicellaria  just  adorad  of  the  outer  spine  and  another  very 
slender  one  imder  the  saber-shaped  furrow  spine,  much  as  described 
by  Eoehler  for  integra.  The  subambulacral  pedicellaria  is  lacking 
on  the  outer  two-fifths  of  the  ray,  its  place  being  occupied  by  1  to  3 
small,  slender  spinelets.  On  the  basal  fourth  of  the  ray  the  arma- 
ture is  not  so  uniform.  First,  in  the  furrow  is  the  peculiar  slender 
pedicellaria,  oriented  as  described  by  Koehler,  one  valve  dorsal, 
the  other  ventral.  The  dorsal  valve  (the  lower,  as  viewed  with 
specimen  on  its  back)  is  the  longer  and  is  frequently  curved  over 
the  end  of  the  ventral,  which  is  itself  slightly  curved,  the  pedi- 
cellaria resembling,  perhaps  a  bit  fancifully,  the  beak  of  a  pro- 
cellariform  bird  in  miniature.  Next  comes  the  strongly  compressed^ 
curved  furrow  spine  proper,  followed  by  a  still  longer,  compressed 
spine,  or,  not  infrequently,  by  1  or  2  long  two-jawed  pedicellariae, 
in  its  place.  Following  this  is  sometimes'  the  normal  third  spine, 
here  the  longest,  with  its  adoral  large  pedicellaria,  or  2  large  pedi- 
cellariae, accompanied  by  2  or  3  unequal  slender  spinelets  or  even 
1  or  2  small  two-jawed  slender  pedicellariae  on  the  adoral  edge 
of  plate.  Instead  of  the  single  third  spine  there  may  be  2  in  a 
longitudinal  series,  or  a  triangular  group  of  3,  with  or  without 
the  large  pedicellaria.  Sometimes  there  are  5  spines  in  a  trans- 
verse row,  with  1  or  more  pedicellariae  adorad  to  them.  Ap- 
parently any  of  the  spines,  except  the  true  furrow  spine,  may  have 
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a  pedicellaria  substituted  for  it,  all  of  which  affords  a  great  variety 
to  the  armature  of  the  proximal  plates.  The  figures  will  givei 
better  idea  than  description  of  the  relative  size  of  the  pedioellariae 
and  spines  of  typical  plates.  Even  here  there  is  variation  in  tk 
size  of  the  pedicellariae  and  relative  lengths  of  the  3  or  4  spines. 

The  jaws  are  very  narrow,  and  the  pair  form  a  sort  of  cresL 
along  the  top  of  which,  bordering  the  median  suture,  are  upwird 
of  20  spines  to  each  plate,  increasing  very  rapidly  in  length  toward 
the  innermost,  which  is  two-thirds  as  long  as  the  interradial  lengtt 
of  the  plates.  On  the  true,  short  margin,  facing  actinostome,  are 
often  2  large  two- jawed  pedicellariae  with  a  spine  or  two  betwe^ 
them,  that  which  is  under  the  above-mentioned  long  superficiil 
spine  having  jaws  slender  and  half  the  interradial  length  of  the 
plate,  or  slightly  more.  The  lateral  pedicellaria  is  smallei^-one- 
third  to  two-thirds  the  length  of  the  larger  one.  These  pedicellariae 
are  not  present  in  integrcu 

'  Anatomdcal  notes, — The  gonads  extend  in  a  series  of  distinct 
tufts  far  along  the  ray,  and  each  gonoduct  opens  on  the  inner  proxi- 
mal angle,  between  the  processes  of  the  base  of  the  paxillae  ad- 
jacent to  the  superomarginal.  The  paxiUae  of  the  3  regular  dorso- 
lateral series  have  a  cruciform  base,  either  transverse  process  being 
a  little  longer  than  the  2  longitudinally  directed  ones,  but  the 
sui^eromarginals  are  more  nearly  lozenge  shape,  longer  than  wide, 
with  sometimes  2  processes  on  the  side  next  to  the  adjacent  paxillae. 
The  median  small  paxillae  have  3  or  4  short  lobes,  irregularly 
placed. 

T'yp^.— Cat.  No.  32624,  U.S.N.M. 

Type-locality, — Station  5391,  between  Samar  and  Masbate  (lat 
12°  18'  15"  N.;  long.  124°  05'  03"  E.),  118  fathoms,  bottom  un- 
recorded ;  1  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks, — Lvidia  integra  Koehler  (1910a,  p.  18;  pi.  2,  figs.  5-8) 
was  taken  by  the  Investigator  off  the  Andaman  Islands  (lat.  13**  06' 
N.;  long.  93°  08'  E.),  60  to  75  fathoms.  L.  avicularia  very  doseli 
resembles  it,  and  is  evidently  what  is  sometimes  called  a  representa- 
tive species.  As  only  one  specimen  of  each  species  is  known,  somf 
of  the  differences  enumerated  in  the  diagnosis  may  not  prove  to  be 
constant. 

I  have  been  able  to  compare  the  type  of  avicularia  with  an  excel- 
lent example  of  L.  moroisoana  Goto,  from  station  3739,  Sagami  Bay. 
Japan,  55  to  65  fathoms,  volcanic  sand,  shells,  rooks.  This  specimen 
is  in  the  United  States  National  Museum,  and  a  portion  of  the  ab- 
aetinal  surface,  enlarged,  is  figured  on  plate  44,  figure  3.    The  two 
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species,  although  greatly  resembling  one  another,  appear  to  be  en- 
tirely distinct.    Their  charad^ers  are  contrasted  below : 


avUmlaria. 

Color,  in  alcohol,  yellowish — a  faded 
yellow-ochre. 

Saperomarginal  spines  inconspicu- 
ous, the  series  interrupted  and  the 
spines  short,  very  unequal,  usually 
less  than  half  the  length  of  the  adja- 
cent inferomarginal  spine,  and  less 
than  1.5  the  breadth  of  the  paxillar 
crown  in  length. 

A  second  longitudinal  series  of  ab- 
actinal  spines  not  present  except  near 
tip  of  ray.  with  a  few  scattered  spines 
proximally,  which  are  much  less  con- 
spicuous than  in  moroUoofw, 

Paxillae  of  rays  more  open,  the  cen- 
tral spinelets  distinctly  spiniform,  and 
all  spinelets  longer. 

Largest  paxilla  from  radial  region 
at  Tery  base  of  ray  with  10  to  15 
slender  spinelets,  only  slightly  stouter 
than  the  [peripheral,  the  latter  equal 
In  length  to  about  one-half  the  width 
of  tabulum. 

Furrow  pedlcellariae  usually  curved 
at  the  tip,  the  jaw  nearer  the  bottom 
of  furrow  being  the  longer,  and  often 
<nirved  over  the  end  of  the  other,  Just 
the  reverse  of  the  condition  of  maraUih 
4ina. 


moroiaoana, 

Ck>lor,  in  alcohol,  a  sort  of  pinkish 
brown  or  sepia,  with  a  violet  shade. 

A  definite,  conspicuous,  uninterrupteil 
row  of  sharp,  adcular,  superomarginal 
spines,  each  spine  more  than  half  the 
length  of  the  adjacent  (longest)  in- 
feromarginal spine,  and  length  1J5  to 
2  times  the  breadth  of  the  superomar- 
ginal paxillar  crown. 

A  second  conspicuous  longitudinal 
series  of  spines,  much  interrupted,  be- 
tween which  and  the  superomarginal 
spines  is  a  single  series  of  unarmed 
paxillae. 

Paxillae  more  compact,  the  central 
spinelets  distinctly  granulifonn,  and 
all  spinelets  shorter. 

Largest  paxillae  from  radial  region 
at  very  base  of  ray,  with  8  to  10 
mostly  8,  central,  acorn-shaped  gran- 
ules, much  stouter  than  the  20  or  more 
peripheral  spinelets,  which  in  length 
are  less  than  one-third  the  width  of 
the  tabulum. 

Furrow  pedlcellariae  usually  with 
straight  Jaws,  that  nearest  the  bot- 
tom of  furrow  often  slightly  the 
shorter.    (Goto,  1914,  fig.  101.) 


LUIDU  GY     »;NCCH 

Plate  42,  figs.  1,  2 ;  plate  44,  figs.  4,  5 ;  plate  46.  figs.  1,  lor-d. 

Luidia  ffpmnochora  Fisher,  1913e,  p.  204. 

Diagnosis. — Related  to  Luidia  dermdata  Koehler,  but  differing  in 
having  constantly  11  rays;  prominent,  central,  two-jawed  paxillar 
pedicellariae,  together  with  several  small  two- jawed  pedicellariae  on 
the  sides  of  the  pedicels,  superomarginal  and  dorsolateral  spino- 
paxillae  distally;  with  the  transverse  processes  of  the  regular 
paxillae  longer  than  the  longitudinal  (the  reverse  in  denuddta) ; 
frequently  3  or  4  inferomarginal  spines ;  1  to  5  inferomarginal  pedi- 
cellariae; inferomarginals  broader  actinally,  the  intervening  naked 
places  much  wider  than  long,  and  elliptical  to  oblong  in  form ;  1  or 
^  pediceUariae  on  the  actinal  intermediate  plates;  no  slender  fur- 
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row  pedicellaria  beyond  a  few  plates  at  base  of  ray,  except  rarely 
and  sporadically;  second  furrow  spine  compressed;  several  sub- 
ambulacral  pedicellariae,  the  principal  one  situated  adorad  of  the 
second  and  third  spine;  rays  11.  E=230  mm.,  r=33  mm.;  breadth 
of  ray  at  base  22  mm.,  a  short  distance  beyond  base  28  mm.;  rays 
deciduous  and  usually  imperfect,  the  tips  being  in  the  process  of 
regeneration  or  absent;  many  rays  are  broken  into  2  or  3  pieces; 
rays  thin,  plane,  with  very  widely  open,  shallow  ambulacral  fur- 
rows; tube  feet  long,  sometimes  reaching  to  the  margin,  and  with 
a  small  conical  button  at  tip ;  skeleton  loose,  dorsal  integument  thin. 

Description. — ^Paxillae  of  disk  rather  more  closely  placed  (espe- 
cially in  the  middle)  than  on  rays.  Each  consists  of  a  rather  slender 
shaft  (slenderest  at  the  middle)  surmoimted  by  a  circle  of  8  to  12 
very  slender,  sharp  spinelets,  about  as  long  as  the  shaft,  and  sur- 
roimding  a  large  central  two-jawed  tapering  pedicellaria,  which  is  a 
little  longer  than  the  spinelets.  Seen  from  the  side  the  pedicellaria 
is  about- 2  to  2.5  times  as  long  as  the  width  of  the  base.  The  joints 
are  nearly  of  an  equal  width  the  whole  length,  or  they  taper  slightly, 
or  are  very  narrowly  spatulate.  Below  the  base  of  the  spinelets  fas- 
tened to  the  side  of  the  shaft  are  1  to  5  delicate,  slender,  blunt,  two- 
jawed  pedicellariae  from  one-half  to  two- thirds  the  length  of  the 
spinelets,  and  frequently  oriented  at  sight  angles  to  the  shaft  In 
the  type  nearly  all  the  paxillae  of  the  disk  have  the  large  central 
pedicellaria.  They  are  not  so  numerous  in  a  young  specimen. 
The  pedicellariae  are  entirely  lacking  in  L.  denudata. 

On  either  side  of  the  rays  there  are  3  regular  series  of  large 
paxillae,  the  outer  series  of  which  represents  the  superomarginals. 
Over  the  median  part  of  the  ray  the  paxillae  are  smaller  and  ar- 
ranged without  definite  order.  Nearly  all  the  paxillae  have  the 
pedicellariae  described  above,  except  in  the  case  of  regenerating  tips, 
where  they  are  much  less  common.  On  the  outer  half  of  the  ray 
the  central  pedicellaria  of  the  8  regular  series  is  replaced  by  a  slender, 
sharp  spine.  This  usually  remains  small  on  the  median  series,  but 
increases  in  size  on  the  other  2  series  as  the  end  of  the  ray  is  ap- 
proached. It  augments  in  size  more  rapidly  on  the  inner  series 
and  attains  a  length  of  5  to  10  times  the  height  of  the  here  much- 
shortened  pedicels.  These  distal  spinopaxillae  are  quite  constant, 
although  occasionally  a  paxilla  will  lack  a  spine,  or  the  length  of 
the  spines  will  vary.  Many  of  the  other  paxillae  of  the  distal  fourth 
of  the  ray  have  the  pedicellaria  replaced  by  a  spine,  but  the  latter 
does  not  surpass  the  other  spinelets  enough  to  become  conspicuous. 
These  spinopaxillae  are  not  present  in  denudota. 

The  regular  paxillae  have  regularly  f our-lobed  or  cruciform  bases, 
the  transverse  lobes  being  longer  than  the  longitudinal  ones  (the 
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reverse  in  denudata).  The  papular  areas  are  nearly  square  and  not 
oblong  as  in  denvdata.  The  superomarginals  are  without  external 
transverse  lobes,  being  fastened  directly  to  the  inferomarginals.  Be- 
tween the  2  triple  ranges  of  regular  larger  paxillae,  the  plates  have  3 
or  4  usually  unequal  lobes  which  overlap  a  trifle,  just  touch,  or  fail  to 
touch  by  a  narrow  interval.  This  causes  the  dorsal  skeleton  to  be 
very  flexible.  The  papulae  extend  to  very  nearly  the  tip  of  ray,  and 
are  compound,  consisting,  when  fully  developed,  of  upward  of  30 
slendeT  coeca,  branching  from  a  common  base,  and  reminding  one 
of  a  coral  fungus  in  miniature.  One  compound  papula  occupies  an 
area,  the  latter  being  irregular  in  shape  on  the  median  region  of  ray. 

The  inferomarginals  have  the  form  of  those  of  denudata^  but  the 
ventral  apophysis,  which  meets  the  intermediate  plate,  and  by  means 
of  it  is  joined  to  the  corresponding  adambulacral,  is  decidedly  longer, 
so  that  the  prominent  naked  spaces  (covered  by  thin  integument) 
which  separate  consecutive  inferomarginal  plates  are  much  wider 
than  long,  and  in  shape  are  elliptical,  elongate-oval,  or  oblong  with 
roimded  comers.  In  detvudcUa  the  ^ape  is  that  of  an  equilateral 
triangle  with  rounded  angles.  Ventrally  each  inferomarginal  forms 
a  low  crest,  but  is  produced  lateraUy  into  a  thin  ridge,  with  a 
rounded  outer  free  surface.  This  ridge,  which  separates  wide  fas- 
ciolar  channels,  corresponds  to  the  shaft  of  one  of  the  abactinal 
paxillae,  while  the  homologues  of  the  four  basal  lobes  are  readily 
traced,  the  ventral  apophysis  spoken  of  above  being  one.  Consecu- 
tive plates  are  joined  by  2  longitudinally  directed  lobes,  while  the 
fourth  is  very  short  or  wanting  where  the  plate  is  closely  joined  to 
its  corresponding  superomarginal.  The  exact  form  of  the  plates 
and  the  dimensions  may  best  be  gathered  from  the  figures.  The 
summit  of  the  lateral  crest  bears  2  large  spines,  the  outer  the  longer, 
and  equaling  about  8  plates  in  length.  One  or  2  shorter  and  slen- 
derer spines  stand  in  line  with  the  above  on  the  ventral  surface,  and 
dorsal  to  the  large  spine  are  8  to  12  slender,  unequal  spinules. 
Numerous  spaced  similar  spinules  surround  the  main  spines  and  are 
continued  along  the  ventral  surface.  Each  plate  bears  from  1  to  5 
unequal,  rather  slender  two-jawed  pedicellariae,  the  largest  of  which 
frequently  stands  on  the  inner  extension  of  the  plate,  while  other 
small  ones  are  found  on  either  transverse  margin  of  the  crest,  near 
the  second  (lower)  lateral  spine,  or  between  that  and  the  third. 
The  pedicellariae  are  lacking  in  denudata^  which  has  only  2  infero- 
marginal spines. 

The  actinal  intermediate  plates  are  much  wider  than  long,  and 
each  is  truncate  where  joined  to  the  inferomarginal,  but  the  inner 
end  which  overlaps  the  adambulacral  is  rounded  and  narrower  than 
the  outer.    Except  on  the  outer  third  or  fourth  of  ray,  nearly  all 
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the  plates  bear  1  or  2  (rarely  3)  two-jawed  pedicellariae,  similar  to 
the  subambulacral  and  inferomarginal  pedicellariae.  The  second 
pedicellaria  is  usually  considerably  smaller  than  the  other,  which  i» 
about  as  long  as  the  transverse  diameter  of  the  plate.  The  plates 
are  armed  also  with  2  to  6,  but  sometimes  upward  of  10,  very  slender^ 
fairly  long,  spinelets  about  as  large  as  those  of  inferomarginal 
plates.    The  pedicellariae  are  lacking  in  denudata. 

Except  on  the  first  8  to  12  plates  at  base  of  ray,  the  characteristic 
furrow  pedicellaria  of  denvdata  occurs  very  rarely  in  the  type,  but 
in  specimens  from  stations  5402  and  5406  it  occurs  more  frequently, 
at  least  on  some  rays.  At  best  its  occurrence  is  sporadic.  The 
pedicellaria  is  very  slender  and  resembles  a  compressed  truncate 
furrow  spine,  the  thin  jaws  being  oriented  distal  and  proximal,  or 
at  right  angles  to  the  pedicellaria  of  avicularia.  It  is  about  two- 
thirds  the  length  of  the  furrow  spine. 

The  adambulacral  armature  consists  of  a  transverse  series  of  3 
rather  long  spines,  increasing  in  length  outward,  the  inner  2  being 
compressed.  The  outer  is  occasionally  a  little  out  of  line,  being 
crowded  by  a  large  two-jawed  slender  pedicellaria  on  its  proximal 
side,  or  opposite  the  interval  between  the  second  and  third  spines- 
One  or  two  small  pedicellariae  are  usually  found  just  adorad  of  the 
above,  while  another  is  sometimes  present  just  external  to  the  outer- 
most spine,  along  with*  2  or  3  delicate  spinelets.  This  outer  pedi- 
cellaria varies  greatly  in  size.  At  the  base  of  the  ray  the  spines 
are  very  compressed  and  form  a  vertical  series  between  the  tube  feet, 
the  outer  spine  only  being  bent  away.  Here  there  are  usually  2  or 
3  large  subambulacral  pedicellariae,  with  several  small  ones  at 
their  base.  Also  the  proximal  plates  frequently  have  the  furrow 
pedicellaria.  It  resembles  a  supernumerary  compressed  bladelike 
furrow  spine  below  the  regular  spine.  As  in  L.  avicularia^  the 
armature  at  the  base  of  ray  is  variable  and  not  typical  of  most  of  the 
adambulacral  plates.  On  the  outer  third  or  fourth  of  ray,  or  even 
over  a  greater  extent  of  the  distal  region,  the  subambulacral  pedi- 
cellariae are  lacking,  there  being  3  spines  in  a  transverse  series, 
with  a  few  (2  or  8)  slender  spinelets  standing  just  adorad  of  the 
outer  spine.  The  armature  differs  from  that  of  denvdata  in  lacking 
usually  the  furrow  pedicellaria,  in  having  the  second  spine  strongly 
compressed,  not  terete,  and  in  having  a  characteristic  pedicellaria 
adorad  of  the  third  spine,  or  the  second  and  third,  in  addition  to 
1  or  more  smaller  accessory  pedicellariae.  In  denudata  the  only 
subambulacral  pedicellaria  is  situated  external  to  the  external  spine, 
where,  in  gynvnochora^  a  small  or  medium-sized  pedicellaria  is  often 
present. 

The  armature  of  the  mouth  plates  consirfts  of  (1)  a  superficial 
series  bordering  the  median  suture,  consisting  of  8  to  12  spines  and 
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spinules,  the  2  innermost  long  and  stout,  followed  by  a  number  of 
^nall  spinelets  and  two-jawed  pedicellariae,  the  outer  end  being  oc- 
cupied by  slender  spinules  of  intermediate  length.  Sometimes  there 
are  3  inner  enlarged  spines  or  the  second  may  be  replaced  by  a  longy 
slender,  2-jawed  pedicellaria.  (2)  At  the  inner  end  of  plate  ex- 
tending over  the  peristome,  and  near  to  it  is  a  horizontal  fan  con- 
sisting of  a  long  "tooth,"  a  long  two-jawed  pedicellaria,  and  at  the 
mouth  of  furrow  another  smaller  spine,  at  the  base  of  which  is  some- 
times a  small  pedicellaria.  Sometimes  this  series  consists  of  the  tooth 
and  2  or  3  pedicellariae,  several  variations  occurring.  (3)  Near  the 
inner  end  of  the  plate  on  its  sloping  face  is  an  intermediate  series  of 
3  (sometimes  4)  prominent  compressed  spines,  or  a  pedicellaria  and 
2  spines.  These  spines  extend  over  the  mouth  of  the  furrow  and 
form  a  series  with  the  innermost  superficial  spine  (which  is  directly 
back  of  the  enlarged  tooth). 

Color  in  alcohol:  Bleached  yellowish,  the  epidermis  of  the  abac- 
tinal  surface,  beneath  the  paxillae,  bleached  brown  or  a  decided 
burnt  sienna. 

The  gonads  extend  in  a  series  of  tufts  to  the  end  of  the  ray.  The 
series  underlies  the  row  of  paxillae  adjacent  to  the  superomarginals. 

Variations. — The  most  important  variations  have  been  mentioned 
in  the  foregoing  description.  I  notice  that  in  the  specimen  from 
station  5404  the  outer  or  principal  subambulacral  spine  is  occasion- 
ally replaced  by  a  pedicellaria,  beyond  which  is  another,  correspond- 
ing to  the  subambulacral  pedicellaria  of  denudata^  making  a  series 
of  2  spines  and  2  pedicellariae.  The  width  of  the  naked  spaces  be- 
tween the  inner  ends  of  the  inferomarginals  is  subject  to  slight 
variation.  They  are,  however,  always  broader  than  long.  Speci- 
mens from  the  deepest  water  (stations  5189  and  5406)  have  slightly 
slenderer  pedicellariae  than  the  type. 

Taung. — ^A  specimen  with  R  86  mm.  (station  5406)  is  character- 
ized by  having  less  numerous  pedicellariae  than  the  adult  or  large 
specimens.  The  actinal  intermediate  plates  have  a  pedicellaria  at 
the  base  of  the  ray  only,  furrow  pedicellaria  is  absent,  and  beyond 
the  middle  of  the  ray  there  are  no  subambulacral  pedicellariae ;  the 
proximal  plates  have  a  single  pedicellaria  adoral  to  the  outer  spine. 
The  inferomarginal  pedicellariae  are  restricted  to  1  or  2  on  the 
proximal  plates  only. 

Type.— CKt.  No.  32625,  U.S.N.M. 

Type-loccdity, — Station  5409,  between  Cebu  and  Leyte,  20.8  miles 
southeast  of  Capitancillo  Light,  Cebu,  189  fathcmis,  green  mud;  1 
specimen. 

Distribution. — Philippine  Islands  (vicinity  of  Negros,  Cebu,  and 
Leyte),  188  to  300  fathoms,  mud.  Temperature  range,  55.4°  to 
62.8°  F. 
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Specimens  examined. — Six,  the  type  and  6  from  the  foUowinj 
Philippine  localities: 

Station  5189,  Tanon  Strait,  east  coast  of  Negros,  800  fathoms 
green  mud,  bottom  temperature  62.8° ;  1  specimen. 

Station  5402,  near  type-locality,  188  fatiioms,  green  mud,  bottoni 
temperature  55.8°;  1  specimen. 

Station  5404,  6.8  miles  northwest  Ponson  Island,  Dupon  Bay. 
Leyte,  190  fathoms,  mud,  bottom  temperature  55.4° ;  1  specimen 

Station  5406,  same  locality  (10.2  miles  northwest  Ponson  Island), 
598  fathoms,  mud;  2  specimens. 

Remarks, — L.  gymnochora — ^the  name  referring  to  the  bare  space? 
between  the  inferomarginals — shows  a  great  resemblance  to  L 
denudata  Koehler  from  the  Coromandel  coast,  India,  133  fathoms. 
This  resemblance  concerns  not  only  the  superficial  appearance,  bm 
the  structure  of  the  skeleton,  including  the  form  of  the  paxillae. 
As  enumerated  in  the  diagnosis  there  are  a  number  of  import«nt 
•diflferences,  chief  among  which  are  the  broader  inferomarginals  of 
gym/nochora^  the  broader  dorsolateral  paxillar  bases,  broader  actinil 
bare  spaces,  and  the  presence  of  numerous  abactinal,  inferomarginaL 
actinal  intermediate,  and  subambulacral  pedicellariae. 

The  looseness  and  flexibility  of  the  skeleton,  along  with  the  rela- 
tively large  size  of  the  tube  feet  suggests  that  this  form  can  swim. 
It  would  be  interesting  to  know  if  the  tip  of  so  many  rays  has  been 
lost  in  an  effort  to  escape  from  enemies  or  from  actual  attacks  of 
other  animals. 

Family  ARCHASTERIDAE. 

Genus  ARCHASTER  M iilldr  and  Troschel. 

Archaater  MOixeb  and  Troschel,  1840a,  p.  104. 

ARCHASTER  TTPICUS  MfiUer  and  Troschel. 

Archaster  typicus  Miller  and  Troschel,  1840a,  p.  104. 

About  900  specimens  were  taken  at  the  following  localities: 
Point  Jamelo,  Luzon,  with  seine,  3. 
Nasugbu,  Luzon,  reef,  6. 
'  Subig  Bay,  Luzon,  shore,  31. 
Santiago  River,  Pagapas  Bay,  Luzon,  3. 

Tilig,  Lubang,  5  medium-sized  specimens  and  about  800  young 
with  R,  5  to  15  mm. 
Olongapo,  Luzon,  2. 
Sablayan,  Mindoro,  tide  pool,  1. 
Bomblon  Island,  east  of  Tablas  Island,  shore,  16. 
Pandanon  Island,  between  Cebu  and  Bohol,  2. 
San  Pascual,  Burias,  tide  pool,  3. 
Busin  Harbor,  Burias,  shore,  8. 
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Cuyo  Island,  west  of  Panay,  2. 

Yerde  del  Sur  Island,  Palawan,  2. 

Makes!  Island,  Palawan,  8. 

Caxisigan  Island,  Balabac  (southwest  end  of  Palawan),  7. 

Linapacan  Island  (north  end  of  Palawan) ,  5. 

Murcielagos  Bay,  Mindanao,  10. 

Opal,  Mindanao,  1. 

Parang,  Mindanao,  shore,  1. 

Capunuypugan,  Mindanao,  2. 

Zamboanga,  Mindanao,  Dr.  E.  A.  Mearns,  2. 

Mantacas  Island,  west  coast  Bohol,  shore,  4. 

Cagayan  Sulu  Island,  Sulu  Sea,  2. 

Sandakan  Harbor,  Borneo,  3. 

Papatag  Island,  Tawi  Tawi  Group,  shore,  4. 

Simulac  Island,  Tawi  Tawi  Group,  8. 

This  species  is  widely  distributed  over  the  Pacific  and  Indian 
regions.  Although  Sladen  records  Archaster  (mgulatm  and  not 
A.  typicti8  from  the  Philippines,  the  latter  appears  to  be  the  com- 
moner form.  No  specimen  of  (mgvlatus  was  taken  by  the  Albatross 
at  the  shore  stations,  and  only  one  was  dredged,  as  recorded  below. 
These  specimens  seem  to  be  typical.  Some  specimens  have  a  vari- 
able number  of  superomarginal  spines  and  some  lack  them  entirely,* 

ARCHASTEB  ANGULATU8  Mftn«r  and  TtmcImL 

Plate  45,  fig.  8. 

Archaster  anffulatus  MttLLEB  and  Tboschbl,  1842,  p.  66. — ^P.  os  Lobzol, 
1885,  II.  78,  pL  22,  fig.  2. 

This  species  may  be  readily  distinguished  from  A.  typicus  by  the 
presence  of  2  or  3  enlarged  squamiform  spinelets  at  the  outer  end 
of  the  inf  eromarginal  plates  in  place  of  the  single  prominent  lateral 
flattened  spine  of  typicus.  The  specimen  collected  by  the  Albatross 
is  small,  and  the  rays  are  decidedly  slenderer  than  in  typicus.  The 
superomarginals  encroach  conspicuously  upon  the  abactinal  area — 
a  condition  which  is  not  true  of  large  specimens  of  typical  angvlatus. 
There  are  no  signs  of  any  superomarginal  spines.  At  the  outer 
aboral  comer  of  the  inf  eromarginal  plates  2  to  4  spinelets  are  en- 
larged and  become  squamiform,  but  none  is  prominent.  The  me- 
dian radial  row  of  paxillae  is  very  regular.  The  first  adambulacral 
plate  has  6  furrow  spinelets,  the  next  8  have  4,  and  the  rest  have  3. 
The  proximal  plates  usually  have  2  longitudinal  series  of  subambu- 
lacral  spinelets:  In  the  first  row,  3,  or  2  and  a  two- jawed  equally 
long  pedicellaria  between  them;  in  the  outer  row,  usually  2  spine- 
lets, 1  at  each  outer  comer  of  the  plate.  A  difference  in  the  num- 
ber of  paxillar  spinelets  is  also  noticeable,  a  fairly  large  lateral 
13434— BuU.  100—19 ^13 
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paxilla  having  1  to  4  central  and  8  to  10  peripheral  spinelets,  while 
a  proximal  radial  plate  bears  8  or  9  central  and  about  15  peripheral 
spinelets  (in  addition  occasionally  to  an  equally  long  tapering  spini- 
form  pedicellaria).  In  fully  grown  examples  of  tyjncvs  from 
Samoa  corresponding  lateral  paxillae  have  6  or  7  spinelets  only 
(usually  all  peripheral)  and  the  median  radial  7  or  8  (occasionally 
1  central).  The  measurements  of  the  specimen  are:  R  =  32  mm.^ 
r  =  6  mm.,  R  =  5.3  r;  breadth  of  ray  at  base,  7  mm. 

Type-locality. — ^'^  Java;  Isle  de  France." 

Distrihution. — ^Mauritius,  Java,  Philippine  Islands,  Port  Darwin; 
Torres  Strait;  Freemantle,  W.  Australia;  New  Guinea;  Fiji  Islands 
(Studer). 

Specimen  ewofrUned. — Station  5166,  oflP  Observation  Island,  south- 
west end  of  Tawi  Tawi  Island,  Sulu  Archipelago,  9  fathoms,  coral; 
1  specimen. 

Family  BENTHOPECTINIDAE  Verrill. 
Gemu  PECTINASTER  Perrier. 

PecHnaster  Pxbbieb,  Ann.  sd.  nat,  voL  19,  1885,  p.  70.    Type,  P.  fihoU 
Perrier. 

KIT  TO  THB  SPBCIB8  AND  SUBSPECIES  OF  PBGTINASXBB  HBEBIM  HBSCBIBID. 

o^.  Central  spine  of  paxillae  ^sent  from  a  narrow  area  at  either  side  of  pazUlar 
area  of  ray ;  15  to  18  adambulacral  plates  correspond  to  first  10  Inf  eromar- 
glnals ;  marginal  spinelets  fewer,  a  bare  space  on  the  central  part  of  mar- 
ginal plates. 
h\  Spinelets  accompanying  abactlnal  spines  not  greatly  reduced  In  nam- 
ber  on  middle  and  distal  portions  of  ray;  marginal  spines  moder- 
ately tohxiat mimicus,  p.  182. 

1)\  Abactlnal  plates  of  ray  with  very  few  spinelets  accompanying  the 
spine  (1  to  4,  dlstally,  0) ;  marginal  spines  robust 

palavxmensi8,  p.  185. 
a\  Central  spine  of  paxillae  distributed  abundantly  all  over  abactlnal  area ;  13, 
rarely  14,  adambulacral  plates  to  first  10  inferomarglnals ;  marginal  spines 
more  numerous,  no  well-defined  bare  Efpace  on  the  plates. 

hvl<icanthU9,  p.  187. 

PECTINASTER  MIMICUS  (SUden). 

Plate  40,  fig.  1. 

Pantaater  mimioug  Sladbn,  1889,  p.  48,  pi.  4,  figs.  1  and  2;  pi.  7,  figs. 

5  and  6. 
PecHnaster  mimioua,  Perbiee,  1804,  p.  270.— Ludwig,  1010,  p.  440.— Fisher, 

lOlld,  p.  126. 

Notes  on  specimens. — ^I  have  experienced  great  difficulty  in  apply- 
ing a  name  to  these  specimens,  there  being  three  in  the  field  which 
might  prove  to  be  applicable:  P.  mimicus^  P.  hispidvs  (Wood-Mason 
and  Alcock),  and  P.  fordpatus^  var.  echmatiLs  (Sladen).  Wood- 
Mason  and  Alcock  do  not  state  definitely  wherein  their  species  differs 
from  P.  mimicus.    According  to  Ludwig,  1910  (p.  450),  mimdous 
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has  the  abactinal  spines  on  the  disk  and  along  the  median  portion 
of  the  ray  (as  stated  by  Sladen),  while  in  Juapidus  the  spines  are  all 
over  the  abactinal  surface.  The  first  has  pedicellariae  on  the  inter- 
radial  areas  only,  while  in  the  second  they  may  occur  on  the  mar- 
ginal and  abactinal  plates.  Both  have  5  to  7  furrow  spines  and 
15  adambulacrals  corresponding  to  the  first  10  inferomarginals. 
Wood-Mason  and  Alcock  state,  however,  that  the  abactinal  spinea 
occur  numerously  on  the  disk  and  along  the  central  aoris  of  ray. 
They  record  intermarginal  pedicellariae.  These  occur,  in  variable 
numbers,  in  the  Albatroaa  specimens  from  stations  5606,  5608,  5609, 
5668,  but  not  in  those  from  stations  5630,  5660,  and  in  2  examples 
from  5608. 

In  the  Albatrosa  specimens  the  abactinal  spines  are  absent  or  else 
very  few  and  widely  scattered  on  the  lateral  portions  of  the  paxiUar 
area  of  ray,  but  apparently  a  little  more  widely  distributed  than 
in  Sladen's  type,  and  apparently  a  little  less  than  in  Ludwig's  con- 
ception of  hispidu8.  However,  in  some  specimens  their  distribution 
just  about  coincides  with  that  in  Alcock's  figure  of  hiapidus  (1894^ 
Echinoderms,  pi.  2,  fig.  6a) .   This  character  is  slightly  variable. 

I  have  not  used  the  name  hisjndus  for  these  specimens,  although 
the  abundance  of  pedicellariae  in  some  of  the  examples  would  seem' 
to  indicate  their  close  alliance  if  not  identity  with  that  form,  be- 
cause the  occurrence  of  pedicellariae  is  subject  to  great  variation* 
and  also  because  Wood-Mason  and  Alcock  state  that  the  marginal 
plates  are  cloaelAf  covered  with  capillary  spinelets.  In  the  Atbatroea- 
specimens  the  spinelets  are  more  spaced,  as  described  for  minUctia^ 
Likewise  the  AUxitrosa  specimens  are  from  nearer  the  type-locality^ 
of  nUnucus.  I  fully  agree  with  Koehler  that  the  differences,  so  far 
as  known,  between  hispidue  and  mitmctis  are  rather  subtle. 

The  following  table  indicates  some  of  the  variations  in  the  speci- 
mens examined: 


station. 

No.  of 
adambul*- 
onl  platM 
to  first 
lOtniBro- 
msrgliiftls. 

No.  of 
furrow 
spines 
pro3d- 
mally. 

Actlml 
Interradial 
pedicel- 
lariae. 

Aetlnal 
interomarginal 

Intermarginal 
pedicellariae. 

Abac 

tinal 

pedicel- 

r  in 
mm. 

Depths 
fotnoms*. 

MM 
S0O6a 
50066 

17(10 

15 

15  (14) 
15(13.14) 

151-18 
15 
15 

15(16) 

17 

7-9 

(V-7 

6-7 

6 

5-6 

S^ 
5-6 
6-7 
8-0 

7-« 

Abundant. 

...do 

3-6 

Numerous. 
...do 

7-0 

None 

To  far  along  ray 

Proximal  half 

of  ray. 
None 

Several,  inter- 
brachial. 

lor2interbra- 
chial. 

None..    .. 

None.... 
...do.... 
..  do.... 

11 
7.5 
6 

a5 

9.5 

12 

6 
11.6 

9 

8.5 

834 
1,089 

i,oar 

1,089 
1,092 

560 

snte 

Few 

...do 

...do.... 

8609 
SOOo 

Proximal  half 

of  ray. 
None... 

lto31nterbra- 

chial. 
None 

Few 

None.... 
...do.... 
...do.... 

irao» 

...do 

...do 

5e» 

5860 

5-6 

Numerous. 

...do 

Few 

...do 

092 

5568a 
506a 

Far  along  ray.. 
do 

Interbrachial 

and  along  ray. 

do 

Few 

Very  few 

801 
901 

1  Young. 
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The  large  specimen  from  station  5630,  it  will  be  noted,  has  pedioel- 
lariae  only  on  the  actinal  interradial  areas.  It  is  of  a  stouter  build 
than  the  other  specimens,  the  marginal  spines  being  very  robust 
This,  and  to  a  less  extent  the  specimen  from  station  5660  (also 
from  a  lesser  depth  than  the  majority  of  examples),  resemble  the 
form  called  "  Pontaster  fordpahis^  var.  eohmata^^^  by  Sladen.  The 
stouter  habit  may  be  correlated  with  the  difference  in  depth 
Koehler  also  notes  a  similarity  to  echiifiatus  in  some  of  his  speci- 
mens of  hispidus  (1909,  p.  12).  It  would  be  interesting  to  know  if 
these  specimens  are  likewise  from  shallower  water  (stations  250  and 
317,  480  and  590  fathoms). 

The  number  of  adambulacrals  to  the  first  10  inferomarginak 
varies  in  full-sized  specimens  from  15  to  18,  but  15, 16^,  or  17  is  the 
usual  number. 

The  abactinal  paxiUae  conform  to  the  figures  and  descriptions  of 
Sladen,  except  that  in  specimens  from  stations  5609  and  5668  a  few 
abactinal  pedicellariae  are  present.  These  are  found  on  the  disk  or 
base  of  rays  and  have  2  to  4  short  jaws,  thicker  than  the  paxillar  spine- 
lets.  Beyond  the  interbrachial  arc  the  marginal  plates  have  a 
considerable  area  around  the  spines  in  which  the  spinelets  are 
irregularly  and  widely  scattered.  There  are  sometimes  2  accessory 
inferomarginal  spines  at  the  base  of  the  ray.  The  inferomarginal 
pedicellariae,  usually  1  but  occasionally  2  to  a  plate,  are  subcir- 
cular  and  occur  on  the  suture  between  the  inferomarginal  and  adam- 
bulacral  plates  (with  most  of  the  spinelets  on  the  former)  or  on 
the  inferomarginal  close  to  the  lower  edge.  There  are  usually  4  to 
0  stout,  tapering,  pointed  jaws,  much  stouter  than  the  neighboring 
spinelets.  The  actinal  interradial  pedicellariae  stand  on  1  or  2 
plates,  and  when  well  developed  have  7  or  8  jaws.  They  are  usually 
subcircular,  but  sometimes  assume  a  double-pectinate  form,  more 
as  in  CJieiraster^  but  retain  the  stout  jaws.  In  Cheiraater  the  jaws 
of  the  pedicellariae  are  relatively  slenderer. 

On  the  outer  part  of  the  ray  (sometinles  for  as  much  as  the  distal 
half)  the  adambulacral  plates  have  a  second  smaller  upright  spine, 
situated  between  the  principal  subambulacral  spine  and  the  furrow 
margin.  It  occasionally  nearly  equals  the  principal  spine  in  size,  and 
seems  to  be,  morphologically,  an  aboral  furrow  spine  which  has 
nu)ved  onto  the  surface  of  the  plate.  This  spine  is  not  mentioned  by 
Sladen,  but  it  might  be  easily  overlooked. 

The  dorsal  muscle  bands  are  each  attached  to  the  outer  end  of 
fifth  ambulacral  plate  (specimens  from  stations  5609,  5668)  by  a 
slender  rather  inconspicuous  tendon,  once  to  twice  as  long  as  the 
transverse  dimension  of  the  ambulacral  plate.  A  second  very  incon- 
spicuous tendon  can  be  traced  to  the  seventh  plate,  or  to  one  of  a 
few  succeeding  plates.     The  fifth  ambulacral  is  higher  than  the 
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>tbers.    This  tendon  seems  to  be  smaller  than  in  either  P.  forcipatus 
)r  P.  evoplMS. 

In  P.  hylacanthua  the  attachment  of  the  muscle  is  to  the  sixth  or 
seventh  ambulacral  plate,  and  the  tendon  is  even  less  conspicuous 
iian  in  mimicus. 

Type. — In  the  British  Museum. 

Type-locality. — Challenger  station  191,  Arafura  Sea,  northwest  of 
the  Aru  Islands  (lat  5*»  41'  S.;  long.  IW  04'  80"  E.),  800  fathoms^ 
green  mud,  bottom  temperature  39.5**  Fahr. 

DistribuHan. — ^Arafura  Sea,  Flores  Sea,  Strait  of  Macassar,  and 
Celebes;  recorded  by  Alcock  and  Wood-Mason  from  Laccadive  Sea, 
1,000  fathoms.^  Including  the  race  palawanensis^  to  Palawan  Pas- 
sage. Bathymetrical  distribution  692  to  1092  fathoms.  Range  in 
temperature  36.3°  to  39.6**  F. 

Specimens  examined. — ^Thirteen,  from  the  following  stations: 

Statioi^  6606,  Gulf  of  Tomini,  Celebes  (lat.  0*»  16'  28"  S. ;  long.  121*» 
33'  30"  E.),  834  fathoms,  green  mud,  3  specimens. 

Station  6608,  Gulf  of  Tomini,  Celebes  (lat.  0*  08'  S. ;  long.  121*  19' 
E.),  1,089  fatiioms,  gray  mud,  bottom  temperature  86.3°  F.;  3 
specimens. 

Station  6609,  same  locality,  1,092  fathoms,  green  mud,  bottom 
temperature  36.3^  F. ;  1  specimen. 

Station  6630,  near  Batjan  Island,  Molucca  Islands,  836  fathoms; 
2  specimens. 

Station  6664,  Gulf  of  Boni,  Celebes,  806  fathoms,  bottom  not  re- 
corded, bottom  temperature  38.3**  F. ;  1  specimen. 

Station  6660,  Flores  Sea  (lat.  6*  36'  30"  S.;  long.  120*  49'  E.), 
692  fathoms,  gray  mud,  sand,  bottom  temperature  39.2^  F.;  1 
specimen. 

Station  6668,  Macassar  Strait  (lat.  2*  28'  16"  S.;  long.  118*  49' 
E.),  901  fathoms,  gray  mud,  bottom  temperature  38.2**  F.;  2  speci- 
mens. 

PBCTINASTER  MIMICUS  PALAWANBN8I8,  imw  rabsp^dei. 

Plate  52,  fig.  8 ;  plate  54,  figs.  2,  2a. 

Diagnosis. — ^In  general  appearance,  posture  of  superomarginal 
spine,  and  restriction  of  abactinal  spines  to  central  axis  of  ray,  re-r 
sembling  P.  mimicus^  but  differing  in  having,  on  the  ray,  much 
fewer  granuliform  spinelets  accompanying  the  abactinal  spines  (be- 
yond fifth  superomarginal  reduced  to  1  to  6,  or  sometimes,  distally, 
to  0) ;  in  connection  with  thi3  difference  the  marginal  and  actinal 
spines  are  uniformly  robust  and  there  are  very  abundant  actinal 
intermediate,  inferomarginal,  intermarginal,  and  a  few  abactinal 
pedicellariae;  the  spinelets  of  marginal  plates  are  few,  being  reduced 


*  Postlbly  referable  to  a  distinct  race. 
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sometimes  to  a  single  series,  rather  widely  spaced  on  edge  of  plat»*, 
and  the  general  surface  of  the  marginals,  beyond  the  basal  fourth  of 
ray,  is  bare,  or  has  only  a  very  few  widely  scattered  spinelets.  B= 
about  95  mm.,  r=11.5  mm.;  R=about  8  r;  rays  narrow,  long  with 
a  very  attenuate  distal  portion;  15.5  or  16  adambulacrals  to  first  10 
inferomarginals. 

Description. — ^Beyond  the  fifth  superomarginal,  the  central  spine 
of  the  abactinal  plates  (which  is  generally  absent  from  the  lateral 
portions  of  area)  is  accompanied  by  8  to  5— very  rarely  more — small 
spinelets,  or  by  only  1  or  2.  Sometimes  the  spinelets  are  entirely 
lacking,  especially  on  the  distal  half  of  the  ray.  In  some  specimens 
the  reduction  is  more  accentuated.  The  other  plates  bear  1  to  5 
(sometimes  0)  inconspicuous  spinelets.  The  average  large  paxillae 
of  disk  and  basal  portion  of  ray  bear  5  to  15  granuliform  spinelets 
in  a  single  circle  around  the  central  spine.  A  variable,  but  usually 
small,  number  of  fasciculate  and  pectinate  pedicellariae,  with  2  to  8 
robust  jaws,  are  scattered  over  disk  and  proximal  half  of  ray. 

Marginal  spines  stout.  With  the  exception  of  the  first  2  to  4 
plates,  the  spinelets  are  relatively  few  and  found  mostly  around 
the  borders,  sometimes  fairly  widely  spaced  and  in  a  single  series, 
with  a  few  spinelets  widely  scattered  over  the  general  surface.  The 
marginal  series  may  even  not  be  complete,  or  along  the  transveii9e 
borders  2  or  even  8  series,  usually  irregular,  may  be  present,  with 
only  1  on  the  longitudinal  margin.  As  a  consequence  most  of  the 
surface  of  the  marginal  plates  is  bare,  and  more  of  the  surface  of 
the  superomarginals  is  unencumbered  than  of  the  inferomarginals. 
The  second  inferomarginal  spine  is  stout,  and  on  the  first  2  or  S 
plates  a  third  is  often  present  (as  in  mimicus).  Certain  supero- 
marginals may  have  2  spines,  and  inferomarginals  2  primary  spines 
and  2  secondary,  or  1  primary  and  8  unequal  secondary.  These 
plates  are  irregular  or  inconstant  in  occurrence. 

Adambulacrals  with  a  salient  furrow  margin  and  7  to  9  furrow 
spines,  very  similar  to  the  armature  of  the  typical  form.  The  sub- 
ambulacral  spine  is  rather  stouter  than  usual  in  vnAmiam^  and  distally 
there  is  a  second  smaller  one  (as  in  mimious)  between  the  furrow 
margin  and  the  principal  spine.  The  first  2  plates  in  2  out  of  the 
6  specimens  have  2  subambulacrals.  Mouth  plates  with  2  or  8 
stout  suborals  and  about  6  marginal  spines,  in  addition  to  a  series 
of  6  along  the  margin  of  median  suture. 

Pedicellariae  abundant,  and  present:  (1)  Sparsely  on  the  abactinal 
surface  (pectinate  and  fasciculate) ;  (2)  in  variable  numbers  on 
the  suture  separating  the  supero-  and  inferomarginal  plates,  both 
interbrachially  and  along  the  ray,  or  interbrachially  only  (fascicu- 
late) ;  sometimes  these  occur  near  the  upper  edge  of  an  inferomar- 
ginal; (3)  1  to  3  pedicellariae  near  the  inner  edge  of  the  infero- 
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marginals  or  on  the  suture  between  inf  eromarginals  and  adambula- 
crals  (fasciculate),  these  extending  usually  half  to  two-thirds  the 
length  of  ray;  the  jaws  are  3  to  6,  stout,  flattened,  pointed,  blunt,  or 
truncate;  (4)  10  to  22  fasciculate  or  fasciculate-pectinate  pedicel- 
lariae  on  each  interradial  area.  In  addition  to  the  pedicellariae, 
which  have  2  to  8  jaws,  the  actinal  intermediate  plates  bear  a  rela- 
tively few  subequal  papillif orm  spinelets. 

The  abactinal  muscle  bands  are  attached  to  the  outer  end  of  the 
fifth  ambulacral  ossicle  which  is  conspicuously  higher  than  the  pre- 
ceding ones;  sometimes  it  is  the  fourth  on  one  side  of  ray  and  fifth 
on  the  other. 

Papular  areas  broadly  elliptical,  swollen,  bisected  by  a  line  pass- 
ing across  ray  at  outer  end  of  interradii;  papular  pores  about  20. 

Type.—Cst.  No.  87008,  U.S.N3£. 

Type-locality.— 8tB,tion  6849,  Palawan  Passage  (lat.  10**  64'  N.; 
long.  118*^  26'  20"  E.),  780  fathoms,  coral  sand,  bottom  tempera- 
ture 40.6^  F. ;  6  specimens,  all  more  or  less  mutilated. 

Distribution. — ^Eiiown  only  from  type-locality. 

Remarks. — While  this  form  is  evidently  very  closely  related  to 
P.  mimiciMy  it  is  not  at  all  evident  whether  it  represents  a  geo- 
graphical race,  or  simply  a  local  variation,  because  the  specimens 
were  all  taken  at  a  single  haul.  The  characters  seem  to  call  for  more 
formal  recognition  than  would  be  accorded  them  imder  a  discussion 
of  variations. 

This  race,  we  may  not  unreasonably  conjecture,  occupies  the  China 
Sea  basin  at  depths  between  700  and  1,000  fathoms. 


PBCTINASTEB  HTLACANTHUS  1 

Plate  48,  fig.  2 ;  plate  40,  fig.  2 ;  plate  54,  fig.  1. 

Peotinaater  hyUioanthus  Fismsa,  1918o,  p.  204. 

Diagnosis. — ^Related  to  P.  mimicus  Sladen,  from  which  it  differs 
in  having  the  central  spines  of  the  paxillae  distributed  all  over  the 
abactinal  surface,  and  in  having  18  (exceptionally  12  or  14)  adam- 
bulacrals  corresponding  to  the  first  10  inferomarginals.  R=79  mm., 
r=10.5  mm.,  R=7.6  r  approximately;  breadth  of  ray  at  base,  11  to 
12  mm.  General  appearance  similar  to  that  of  P.  mhrdcus;  disk 
small,  rays  long,  slender,  recurved  at  tip ;  superomarginal  plates  con- 
fined to  side  wall  of  ray,  with  an  upright  sharp  spine  close  to,  or 
on  upper  margin;  normally  no  abactinal  pedicellariae;  abactinal 
spines  numerous  and  generally  distributed;  small  spinelets  in  1  or 
sometimes  2  circles  surrounding  base  of  spine;  adambulacral  furrow 
spines  7  or  8  at  base  of  ray ;  pedicellariae  variable,  present  usually 
on  actinal  interradial  areas,  and  sometimes  also  intermarginally,  and 
on  actinal  surface  of  intermarginals. 
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Description. — ^Most  of  the  abactinal  paxillae  with  a  central  spinuk^ 
0.75  to  1  mm.  long;  these  spinules  are  miiformly  distributed  all  otot 
the  abactinal  surface,  even  to  tip  of  ray,  which  has  in  consequence  a 
hirsute  appearance.  The  larger  paxillae  have  8  to  15  short  blunt 
papilliform  spinelets  in  a  circle  around  the  central  slender  terete 
spine.  These  stand  upright  or  diverge  slightly ;  they  are  not  closdy 
appressed  to  the  base  of  the  spine,  as  in  Sladen's  figure  of  immicui. 
(But  mimicus  is  variable  in  this  respect.)  These  spinelets  are  pres- 
ent on  the  outer  part  of  *ray,  but  are  smaller,  and  reduced  to  8  to  6. 
Papularium  very  broadly  oval,  small,  with  20  to  25  pores.  A  line 
drawn  across  the  base  of  ray  passes  through  the  middle  or  outer  half 
of  the  papularium.  Abactinal  pedicellariae  normally  absent ;  I  find 
a  single  inconspicuous  one  in  the  type.  There  are  none  on  a  speci- 
men from  station  5619,  plentifully  supplied  with  actinal  pedicellariae. 

Superomarginals  41  (in  type),  confined  to  side  wall  of  ray  and 
bearing  near  the  upper  edge  a  stout  conical  spine,  equaling  (bey<Hid 
the  fourth  or  fifth)  about  1^  to  If  plates  in  length.  It  is  a  little 
shorter  than  that  shown  in  Sladen's  figure  of  numicus^  and  a  little 
shorter  than  in  the  Albatross  specimens  of  mvndcus.  The  general 
surface  of  the  plate  is  covered  with  papilliform  spinelets  similar  to 
those  of  the  paxillae,  but  a  little  longer.  These  are  slightly  spaced, 
and  are  present  all  over  the  proximal  plates,  but  distally  they  are 
widely  spaced  and  leave  an  area  around  the  base  of  the  spine,  nearly 
or  quite  bare.  Earely,  near  the  middle  of  ray  there  are  a  few 
fasciculate  pedicellariae  on  the  intermarginal  suture.  These  are 
present  only  in  the  type,  which  is  from  rather  deeper  water  than  the 
other  specimens.  There  is  also,  in  the  type,  in  3  interradii,  a  small 
intermarginal  pedicellaria,  similar  to  that  which  is  rather  char- 
acteristic of  the  form  here  called  minUcus. 

Inferomarginals  with  a  stout,  sharp,  conical  spine  (8.5  mm.  long), 
slightly  larger  than  that  of  superomarginals,  and  close  to  upper  edge 
of  plate;  below  this,  a  smaller  spine,  about  one-third  or  one-half  as 
long.  The  tapering,  bluntly-pointed  spinelets  are  a  little  longer 
than  described  by  Sladen  for  mimicus  (but  subequal  to  the  spine- 
lets in  Albatross  specimens  of  mimicus)^  and  while  they  are  rather 
widely  spaced  on  the  actinal  surface,  there  is  no  definite  naked  area 
such  as  seems  to  be  characteristic  of  mimicus.  They  can  not  by  any 
stretch  of  the  imagination  be  called  granulif  orm. 

Actinal  interradial  areas  small  and  plates  not  extending  beyond 
third  inferomarginal.  The  plates  bear  spaced,  short,  slender,  equal 
spinelets  or  upward  of  8  or  10  pectinate-fasciculate  and  fasciculate 
pedicellariae  to  each  interradial  area.  The  type  has  6  or  8  to  each 
area,  while  in  specimens  from  station  5619  they  are  present  also  on 
the  ventral  surface  of  upward  of  10  or  15  proximal  inferomarginala 
The  pedicellariae  are  subcircular,  with  4  to  6  short,  stout,  pointed 
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to  truncate  jaws  (2  or  8  times  thicker  than  the  actinal  spinelets) 
confined  to  a  single  plate,  or  sometimes  shared  by  2  plates  (in  inter- 
radial  area).  The  pedicellariae  are  similar  in  form  to  those  of  P. 
filhoU  Perrier  {^farcipaius  Sladen). 

Thirteen  adambnlacnil  plates  (exceptionally  12  or  14)  correspond 
to  first  10  inf eromarginals.  Furrow  margin  of  plate  semicircular, 
about  as  salient  as  in  rrmrdcus;  consecutive  plates  separated  by  an 
interval  equal  to  about  two-thirds  or  three-fourths  the  length  of 
the  plate,  at  base  of  ray.  Furrow  spines  in  type,  8  at  base  of  ray, 
then  7,  and  on  outer  part  of  ray  9  or  10.  It  is  difficult  to  determine 
exactly  the  number  of  furrow  spines,  because  on  the  transverse 
margins  of  the  plate  are  1  to  3  spinules  which  partly  or  wholly  form 
a  part  of  the  palmate  furrow  series  (especially  distally  where  the 
plates  are  narrow).  There  is  1  prominent  tapering,  diarp,  some- 
times slightly  curved  subambulacral  spine  about  as  long  or  a  little 
longer  than  the  adjacent  inferomarginal  plate.  Frequently,  but 
not  always,  near  the  above  and  the  outer  adoral  comer  of  plate  is 
a  small  spinule  distinct  from  the  spinules  of  the  transverse  margin, 
or  rarely  2  or  even  3  spinules  may  be  present  on  a  few  proximal 
plates. 

Marginal  mouth  spines,  6  or  7;  about  7  spines  along  the  median 
suture,  flattened,  pointed,  and  decreasing  in  length  toward  outer 
end  of  plate.  On  the  surface  of  plate,  near  inner  end,  an  inter^ 
mediate  series  of  about  3  spines  (in  small  specimens  1  or  2  only), 
of  which  1  is  enlarged  but  is  smaller  than  the  homologous  subambu- 
lacral spine. 

Madreporic  body  situated  about  its  own  diameter  (or  a  little  more 
or  less)  from  inner  edge  of  marginal  plates;  striae  coarse. 

Anatomical  notes, — ^The  dorsal  muscles  are  very  stout  and  are 
found  on  the  outer  part  of  the  ray.  The  end  of  the  ray  is  usually 
recurved,  and  sometimes  forms  a  spiral.  The  muscles  of  either  side 
are  attached  to  the  dorsal  body  wall  and  to  the  outer  end  of  the 
sixth  or  seventh  ambulacral  ossicle,  which  differs  from  the  rest  in 
being  higher  and  having  a  special  knoblike  crest  at  the  outer  end 
for  the  attachment  of  the  tendon.  This  tendon,  in  spite  of  the  size 
of  the  muscle,  is  rather  inconspicuous.  The  muscles  are  much 
heavier  and  the  tendon  longer  and  decidedly  less  conspicuous  than 
in  P.  agassizi  evophis  (from  California)  and  P.  fllhoU  (from  the 
Atlantic).  These  two  species  are  also  relatives  of  P.  rrumicus.  The 
difference  in  the  muscles  alone  will  distinguish  hylacanthua  from 
piioli  and  evoplus.  Not  infrequently  the  muscles  are  so  strongly 
contracted  that  they  have  entirely  broken  away  from  the  tendon, 
which  will  be  found,  however,  attached  to  the  ambulacrttl  ossicle 
(usually  easily  recognizable  by  its  greater  height). 
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Variations. — The  most  important  variation  in  this  species  is  in 
the  occurrence  of  pedicellariae,  which  in  the  southern  specimens  are 
more  numerous  than  in  the  northern.  They  may  be  abnost  or  entirely 
absent  (specimens  from  station  5446)  or  present  on  the  actinal  inter- 
mediate plates,  and  intermarginally  (the  type) ,  or  present  interradi- 
ally  and  on  the  actinal  surface  of  the  inferomarginals  (station  5619). 
The  small  spinelets  of  the  abactinal  plates  may  sometimes  form 
2  concentric  series  around  the  central  spine,  the  inner  series,  how- 
ever, usually  incomplete  (station  5629). 

Young  specimens  have  few  papular  pores  and  few  pedicellariae 
(when  these  are  present  in  the  adults  from  the  same  station).  The 
relation  of  10  inferomarginals  to  18  adambulacrals  is,  however, 
maintained.  The  abactinal  spines  are  present  all  over  the  abactinal 
surface  in  the  smallest  example  examined  (R=15  mm.). 

Typc^Csit  No.  32626,  U.S.N.M. 

Type-looaUty. — Station  6467,  Lagonoy  Gulf,  southeastern  Luzon, 
480  fathoms,  green  mud ;  1  specimen. 

Distribution. — ^Molucca  Passage  to  north  coast  of  Samar,  388  to 
435  fathoms,  green  mud,  fine  gray  sand ;  bottom  temperature,  44.3^  F. 

Specimens  examined. — ^Thirty-four. 

Station  5444,  north  coast  of  Samar  (lat.  12°  43'  51''  N.;  long. 
124*^  68'  50"  E.),  308  fathoms,  green  mud,  bottom  temperature  45.3° 
F. ;  1  specimen. 

Station  5445,  north  coast  of  Samar  (lat.  12°  44'  42"  N.;  long.  124° 
59'  50"  E.),  883  fathoms,  green  mud,  sand,  bottom  temperature 
44.3°  F. ;  19  specimens. 

Station  5619,  Molucca  Passage  (lat.  0°  35'  N.;  long.  127°  14'  40" 
E.),  435  fathoms,  fine  gray  sand;  13  specimens. 

Remarks. — ^As  indicated  in  the  diagnosis  this  species  closely  re- 
sembles P.  mdmicus^  from  which  it  differs  in  having  only  13  adam- 
bulacrals to  the  first  10  inferomarginals,  while  mirmcus  has  15  to  18. 
In  mi/micus  the  abactinal  spines  are  absent  from  the  lateral  portions 
of  the  area,  while  in  hylacanthus  they  are  distributed  all  over  the 
area. 

P.  rmnUous  inhabits  depths  of  from  692  to  1,092  fathoms,  sub- 
jected to  a  temperature  of  36.3°  to  39.5°,  while  hylacam,thus  is  found 
in  less  than  500  fathoms,  the  only  temperature  record  being  44.3°. 

P.  hylacamihus  resembles  very  closely  Ch.  masicuSy  the  two  occur- 
ring together  at  stations  5445  and  5619.  The  differences  are  pointed 
out  under  the  latter  species. 

Genug  CHEIBASTER  Stttder. 
Cheiraster  Stxtdeb,  1883,  p.  129;  1884,  p.  49.    Type,  C.  gazeUae  Studer. 

*  KET  TO  THB  8PBCIBS  OF  CHBIBASTBB  HBBBIIT  DBSCRIBSD. 

a.*  Some  of  the  abactinal  plates  of  either  rays  or  disk,  or  both,  with  enlarged 
central  spine  at  least  3  times  as  long  as  tlie  peripheral  spinelets. 
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5/  Central  spine  of  abactinal  plates  present  on  disk  and  rays,  sometimes  very 
sparsely  on  the  former. 
a}  Numerous  abactinal  spines  on  disk  as  well  as  on  the  rays;  pectinate 
pedicellariae  on  actlnal  intermediate  plates  and  usually  fasciculate 

pedicellariae  on  the  inferomarginals ^ niasicus  Ludwig,  p.  192. 

c'  Abactinal  spines  very  few  on  disk ;  normally  no  pedicellariae  present    . 

inop$  Fisher,  p.  191. 
b,*  Central  epine  of  abactinal  plates  present  on  ray  only,  frequently  very 
few  and  confined  to  the  outer  attenuate  portion  of  the  arm;  pedicel- 
lariae on  abactinal,  Inferomarginal,  actlnal  intermediate  plates,  and 
sometimes  also  on  the  superomarginals,  and  over  the  intermarginal 
sutures. 
0^.  Papularia  small,  with  about  25  pores  which  do  not  extend  farther  than 
the  middle  of  the  third  superomarginal ;  superomarginals  narrow, 
about  twice  as  long  as  wide  prozimally;  furrow  spines  10-12;  oral 
spines  11-13;  the  innermost  spine  flattened,  the  tip  of  1  of  a  pair 
grooved  or  incipiently  bifid;  second  not  conspicuously  widened;  first 
adambulacral  plate  with  a  single  subambulacral  spine. 

diomedeae  Fisher,  p.  200. 
c'  Papularia  large,  with  35  to  80  pores,  which  in  full-grown  specimens 
extend  to  opposite  the  sixth  or  seventh  superomarginals;  superomar- 
ginals wider,  distinctly  less  than  twice  as  long  as  broad ;  furrow  spines 
in  largest  specimen  9  or  10 ;  in  small  and  medium  sized  examples  about 
8 ;  oral  spines  8  to  10,  the  inner  2  broad,  spatulate,  with  truncate  often 
crenulate  tip ;  first  adambulacral  with  2  subambulacral  splnea 

gazellae  Studer,  p.  196. 
0*.  No  enlarged  central  spine  on  abactinal  plates. 
5.'  Disk  medium;  1  superomarginal  spine  throughout  series;  subambulacral 
spine  prominent 
c.^  Very  large  papularia  with  35  to  80  pores;  inferomarginal  spines  long 
and  rather  slender;   inferomarginal  spinelets  slender,  papilliform; 
usually  numerous  inferomarginal  fasciculate  pedicellariae;  15  to  15^ 
adambulacral  plates  to  first  10  inferomarglnals ;  1  suboral  spine. 

gazeUae  Studer,  p.  196. 
€.*  Very  small  papularia  with  about  10  pores ;  inferomarginal  spines  short 
and  thick;  inferomarginal  spinelets  squamiform  on  center  of  plate; 
normally  no  fasciculate  pedicellariae  on  the  actinal  surface  of  infero- 
marglnals ;  17  adambulacral  plates  to  first  10  inferomarglnals ;  2  sub- 
oral  spines ludwigi  Fisher,  p.  203. 

5.'  Disk  large;  distal  superomarginals  with  transverse  series  of  3  prominent 
spines ;  actinal  interradial  areas  rather  large ;  pectinate  pedicellariae  on 
proximal  inferomarglnals  and  on  actinal  intermediate  plates ;  subambu- 
lacral spine  rather  small triplacanthua  Fisher,  p.  205. 

CHEIRASTER   INOPS    FIslMr. 

CheiTMter  inops  Fisheb,  1906,  p.  1043,  pi.  10,  fig.  4;  pL  17,  fig.  2.— Koehleb, 
1909,  p.  15.— LuDWiQ,  1910,  pp.  445,  446. 

Notes  on  Philippine  specimens. — The  largest  specimen  exceeds  the 
type  in  size.  E=118  mm.,  r=16.5  mm.,  E=7.1  r;  breadth  of  ray  at 
base,  19  mm.,  at  third  inferomarginal,  15  or  16  mm.  It  is  smaller 
than  Koehler's  specimen,  in  which  R=130  mm. 

These  specimens  differ  slightly  from  the  type,  but  the  difference 
in  size  must  be  taken  into  consideration.    The  central  spine  of  the 
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paxillae  is  found  scattered  rather  widely  over  the  disk,  where  it  is 
of  inconspicuous  size.  On  the  ray  they  are  larger  and  more  numer- 
ous than  on  the  disk,  and  more  numerous  in  the  larger  of  the  i 
specimens,  being  found  on  the  lateral  as  well  as  on  the  median  por- 
tions of  the  area.  The  furrow  spines  vary  from  7  to  9,  and  the  sub- 
ambulacral  spine  is  prominent  and  curved  slightly.  The  plates  of 
the  outer  third  or  two-fifths  of  ray  have  a  small  subambulacral 
spinule  between  the  principal  spine  and  the  furrow  margin,  and  the 
fixst  2  or  8  plates  may  also  have  a  similar  spinule  (but  sometimes 
placed  external  to  the  large  one).  On  the  rest  of  the  ray  a  slightly 
enlarged  subambulacral  spinelet  usually  stands  aborad  to  the  large 
spine.  A  number  of  spinelets  stand  merely  on  the  edge  of  the  plate 
and  form  a  cordon  spaced  from  the  base  of  the  large  spine.  There 
are  13  to  14,  rarely  12  or  15,  adambulacrals  to  the  first  10  inferomar- 
ginals.  The  actinal  intermediate  plates  are  covered  with  spaced^ 
pointed,  slightly  swollen  spinelets,  with  usually  an  enlarged  central 
spine.  I  do  not  think  the  presence  or  absence  of  the  enlarged  spine 
is  of  much  importance  for  classificatory  purposes. 

The  specimen  from  station  5111  has  2  small  pectinate  pedicellariae— 
almost  rudimentary — ^in  one  interradial  area;  otherwise  pedicellariae 
are  absent. 

The  papularium  is  flat  and  distally  strongly  two-lobed.  I  am 
unable  to  trace  a  tendon  from  the  dorsal  muscles,  but  the  tenth  and 
eleventh  ambulacral  ossicles  are  slightly  higher  than  the  preceding. 
It  is  probable  that  a  very  rudimentary  tendon  is  attached  to  their 
outer  ends. 

Type.— Csit.  No.  21157,  U.S.N.M. 

Type-locality. — Station  8865,  Pailolo  Channel  between  Molokai 
and  Maui,  Hawaiian  Islands,  256-288  fathoms,  fine  volcanic  sand 
and  rocks ;  bottom  temperature  44.8®  F. 

Distribution. — ^Hawaiian  Islands,  Philippine  Islands,  Indian  Ocean 
south  of  Ceylon ;  bathymetrical  range,  266  to  684  fathoms. 

/Specimens  examined. — Two: 

Station  5111,  Balayan  Bay,  Luzon,  236  fathoms. 

Station  5445,  north  coast  of  Samar,  383  fathoms,  green  mud,  sand; 
bottom  temperature  44.3°  F. 

CHEIBASTER  NIASICUS  Lndwltf. 

Plate  47,  fig.  2 ;  plate  54,  figs.  4,  4a. 

Cheirastcr  niasicua  Lrowio,  1910,  p.  456. 

Diagnosis. — ^Differing  from  Cheiraster  inops  in  having  pectinate 
pedicellariae  on  the  actinal  intermediate  plates  and  usually  also  fas- 
ciculate pedicellariae  on  the  inferomarginals,  as  well  as  more  numer- 
ous abactinal  spines  on  the  disk.  Abactinal  spines  variable  ip  num- 
ber, but  scattered  all  over  disk  and  rays ;  superomarginals  encroach- 
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ing  conspicuously  upon  actinal  surface ;  inf eromarginals  with  more 
than  1  accessory  spinule  proximally,  adambulacral  furrow  spines 
8  to  10.  In  a  large  specimen  R=95  mm.,  r=12.5  mm.,  B=7.5  r; 
breadth  of  ray  at  base,  15  mm.    (Station  5447.) 

Description. — ^Abactinal  spines  variable  in  number,  but  more  nu- 
merous than  in  Ch.  inops  and  scattered  all  over  the  abactinal  area; 
numerous  in  the  type.  Larger  paxillae  of  disk  with  10  to  15  short, 
pointed  spinelets  in  1  or  2'  circles  around  the  spine.  On  the  ray  the 
paxillae  are  spaced  (one-half  to  their  own  diameter  apart)  and  have 
&  to  9  spinelets.    No  abactinal  pedicellariae. 

Superomarginal  plates  with  the  dorsal  surface  broader  than  long 
proximally  (in  large  specimens)  and  longer  than  broad  distally; 
in  small  specimens  they  form  a  conspicuous  border  to  the  abactinal 
area,  but  the  plates  are  narrower  than  long.  Each  plate  is  tumid, 
and  separated  from  the  adjacent  plates  by  a  prominent,  oblique 
groove.  Each  bears  nearer  the  outer  than  inner  margin  a  sharp  taper- 
ing spine  equal  to  the  length  of  1.5  to  2  plates.  The  first  2  spines 
are  shorter.  General  surface  of  plate  covered  with  upright  spaced 
spinelets  similar  to  those  of  the  paxillae.  Superomarginals  48  in 
largest  specimen  (that  used  for  description). 

Inf  eromarginals  also  tiunid  actinally  and  laterally;  and  proxi- 
mally  wider  than  long,  the  actinal  surface  becoming  narrower  dis- 
tally. There  is  a  stout,  tapering,  sharp,  lateral  spine  equal  to  a 
little  less  or  a  little  more  than  the  length  of  2  plates.  In  addition 
to  this  there  are  proximally  2  or  8  unequal  accessory  spinules  below 
or  internal  to  the  principal  spine,  these  gradually  reduced  to  1  dis- 
tally which  may  be  one^-half  to  three- fourths  the  length  of  the  prin- 
cipal spine.  In  small  specimens  only  1  accessory  spinule  is  present 
The  plates  are  covered  with  short  spinelets,  several  of  which  near 
the  lateral  spines  are  slightly  enlarged. 

Actinal  intermediate  plates  extending,  in  the  largest  specimen,  to 
the  third  inf eromarginal  and  covered  with  numerous  slightly  spaced 
sabpapilliform,  pointed  spinelets,  with  usually  also  1  or  2  central 
enlarged  spines  (except  in  some  y€^ung  specimens,  station  5619). 

Furrow  spines  8  to  10,  usually  9  or  10,  but  in  small  specimens 
sometimes  7,  and  similar  to  those  of  Ch.  inops.  Along  the  adoral 
transverse  margin  of  the  plate  are  8  or  4  spinelets  and  a  slightly  larger 
spinelet  stands  aborad  of  the  subambulacral  spine,  which  is  promi- 
nent and  carried  on  a  central  prominence  of  the  plate.  On  the  outer 
third  of  the  ray  the  accessory  spinelet  moves  inward  and  stands 
between  the  subambulacral  and  the  aboral,  inner  comer  of  the  plate. 
It  is  lacking  in  small  specimens,  except  sometimes  close  to  the  end 
of  the  ray.  The  number  of  adambulacrals  to  first  10  inferomar- 
ginals,  14  or  16. 
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Mouth  plates  with  about  8  marginal  spines,  the  inner  two  con- 
siderably enlarged.  One  prominent  suboral  spine  is  present  near 
tJie  inner  end  of  the  plate,  and  a  series  of  about  7  or  8  spinelets 
follows  the  margin  of  median  suture.  Several  spinelets  are  present 
on  the  outer  part  of  the  plate  between  the  adambulaeral  margin  and 
median  suture.  The  enlarged  subambulacral  is  sometimes  absent, 
or  poorly  developed  (station  5619,  small  specimens). 

Pedicellariae  are  present:  (1)  Rarely  on  the  vertical  (interradial) 
suture  between  the  first  superomarginal  plates  of  either  ray  (station 
6619) ;  (2)  in  a  similar  position  on  the  inferomarginals  (same  2 
specimens,  but  not  in  all  interradii) ;  (3)  fasciculate  pedicellariae 
on  a  variable  number  of  inferomarginals  beyond  the  second  or  third, 
and  near  inner  edge  of  plate.  There  are  8  to  12  on  either  side  of 
the  ray  in  the  largest  specimen,  and  sometimes  1  or  2  spinelets  be- 
long to  an  adjacent  adambulaeral  plate.  Each  pedicellaria,  which 
is  cii'cular,  is  composed  of  5  to  7  sharp  spinelets.  These  pediceUariae 
are  lacking  on  small  specimens  from  stations  5626  and  5658,  and  few 
on  a  specimen  from  stations  5624,  6618,  and  5445.  (4)  Two  or  8 
pectinate  pedicellariae  (sometimes  as  many  as  6)  are  present  in  each 
interradial  area.  Barely  a  pedicellaria  is  fasciculate  and  confined 
to  1  plate  (stations  5447,  5619). 

A  small  specimen  from  station  5658  and  2  from  station  5348  (the 
largest  having  R  equal  to  21  mm.)  lack  pedicellariae.  There  are  14 
adambulacrals  to  the  first  10  inferomarginals,  and  at  most  only  2 
papular  pores  to  each  papularium.  These  specimens  are  placed  here 
rather  than  under  Pectinaster  hylacanthus  because  the  superomar- 
ginal plates  encroach  conspicuously  upon  the  abactinal  surface  and 
the  superomarginal  spines  are  situated  near  the  outer  part  of  the 
plate.  In  P.  hylaccmthus  the  superomarginals  are  confined  to  the 
side  of  the  ray.  The  specimens  are  classed  with  niaaicus  rather  than 
with  Ch.  inops  on  account  of  the  more  numerous  abactinal  spines. 
They  may  really  be  small  examples  of  Ch.  pUosus  Alcock.  It  is  not 
possible,  as  a  rule,  to  be  entirely  certain  of  the  identification  of 
young  Chevraater  and  Pectinaster.  The  specimens  just  mentioned 
do  not  exhibit  any  characteristics  which  would  place  them  unequivo- 
cally in  either  genus,  and  without  the  adults  for  comparison  it  would 
not  be  possible  to  say  whether  they  belong  to  Pectinaster  or  Cheir' 
aster.  As  to  the  specific  identification,  it  must  be  considered  only 
as  probable.  CJieiraster  pHosus^  Ch.  inops^  and  Ch.  niasicus  are  very 
closely  related.  I  am  not  certain  of  the  characters  of  Ch.  pilosvs. 
Alcock  describes  and  figures  several  accessory  inf  eromarginal  spines, 
while  Ludwig  (1910,  p.  456)  writes  that  there  is  only  1  (in  contra- 
distinction to  inops  and  niasicus^  which  have  several) .  Alcock  fig* 
ures  and  not  very  definitely  describes  actinal  intermediate  pedi- 
cellariae, indicated  also  by  Ludwig  (1910).    Koehler  (1909,  p.  18) 
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places  pUome  in  Pontaster  (as  restricted  by  Perrier),  thus  indicat- 
ing that  pedicellariae  are  absent. 

In  the  largest  specimen  there  are  88  spores  to  the  papularium 
examined,  distributed  in  4  irregular  longitudinal  rows.  The  papu- 
larium is  bifurcate  distally. 

A  very  small,  rudimentary  tendon  from  the  dorsal  muscle  joins 
the  outer  end  of  the  tenth  ambulacral  ossicle,  which  does  not  differ 
m  form  from  its  neighbors.  This  tendon  can  be  seen  only  with 
difficulty. 

Type-locality. — ^Not  stated  (unless  the  name  refers  to  Nias  Island, 
off  Sumatra). 

DistrilnUion. — Gulf  of  Boni,  Celebes,  and  Molucca  Islands  to 
Palawan  Passage  and  Luzon,  Philippine  Islands;  ^^ Indian  region" 
(Ludwig). 

Speeimena  emcmmed. — ^Twelve. 

Specimens  of  CJieiraster  niasicus  examined. 


station. 


LocaUty. 


Depth, 
(fath- 
oms) 


Nature  of  bottom. 


No. 


Bottom 
temper- 
ature. 


5348 

5HS 

M47 
5618 
9619 


5626 


PabwBD  Passage,  lat.  10*  57'  45"  N.;  long.  118*  38'  15" 
E. 

North  coast  Samar 

LaffODOy  Oulf 

Moiooca  Passage 

do 

Between  Glllolo  and  MaUan  Islands,  Molucca 

Islands. 
Between  OlUolo  and  Eayoa  Islands , 

Gulf  of  Boni,  Celebes 


375 

383 
408 
417 
435 

288 

265 

610 


Coral  saod 

Oreen  mud,  sand  . 
Green  mud,  ooral . 

Gray  mud 

Fine  gray  sand, 

mud. 
Fine  gray  sand 

Gray   mud,   fine 

sand. 
Gray  mud. 


56.4 


44.8 
42.3 


41.2 


Remarks. — ^This  species  diflPers  from  Ch.  pUosus  in  having  longer 
and  slenderer  rays,  especially  distally  (R=7.6  r  as  against  6+  in 
pUasus) ;  and  in  the  adult  stage  in  having  inferomarginal  fasciculate 
pedicellariae,  and  rather  fewer  abactinal  spines. 

The  specimens  from  stations  5618  and  5619,  perhaps,  belong  to  a 
distinct  variety.  They  have  only  1  accessory  inferomarginal  spine, 
and  the  dorsal  surface  of  the  superomarginals  is  narrower  than  in 
any  of  the  other  examples.  It  is  these  specimens  which  have  a 
subcircular  pectinate  pedicellaria  on  the  interradial  marginal 
sutures,  as  described  for  Ch.  trullipes  (Sladen).  In  truUipes^  how- 
ever, there  are  no  enlarged  central  paxillar  spines,  the  paxillae  are 
much  smaller,  and  actinal  intermediate  plates  are  absent  (due  to  im- 
maturity, very  probably).  The  specimens  from  stations  5618  and 
5619  have  also  actinal  intermediate  and  inferomarginal  pedicellariae, 
8  or  9  furrow  spines,  8  oral  spines,  and  the  abactinal  spines  not  very 
thickly  scattered  all  over  the  abactinal  surface.  The  papularium 
contains  14  or  15  pores,  and  is  a  trifle  swollen,  but  it  is  slightly  two- 
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lobed.  A  curious  circumstance  is  that  these  specimens  closely  re- 
semble examples  of  Pectmaster  hylaccmthus^  with  which  they  were 
at  first  confused,  the  two  forms  having  been  taken  at  the  same 
dredge  haul.  They  are  distinct,  however,  and  really  belong  to  dif- 
ferent genera,  although  the  presence  in  both  of  inf eromarginal  fas- 
ciculate pedicellariae  is  misleading.  In  hylaamthus  the  superomar- 
ginals  are  more  lateral  in  position,  and  the  spine  is  nearer  the  upper 
edge  of  the  plate.  The  pedicellariae  have  blunter,  broader  jaws, 
and  the  actinal  intermediate  pedicellariae  of  niasicua  are  generally 
pectinate — ^that  is,  on  two  plates,  although  subcircular  in  shape.  The 
papularium  of  hylaoanthu8  is  more  swollen,  and  when  examined  from 
the  inner  side  the  plates  are  seen  to  be  more  modified,  especially  in 
the  center  of  the  area,  and  the  area  itself  shows  no  sign  of  being 
two-lobed.  The  superficial  similarity  of  the  two  species  is,  however, 
very  striking. 

Ludwig's  original  diagnosis  of  ChevrasteT  ndasicus  is  very  brief  and 
incomplete — scarcely  more  than  enough  to  technically  fix  the  name. 
There  are  many  points  about  which  more  information  would  be  de- 
sirable; for  instance,  the  dimensions,  proportions  of  marginal  plates, 
and  minor  details  of  ornamentation.  But  since  a  number  of  major 
characters  of  the  present  species  nearly  or  quite  agree  with  the  diag- 
nosis of  masicus^  I  have  given  Ludwig's  name  to  the  Albatross  speci- 
mens. The  description  was  based  largely  on  a  specimen  from  Station 
6447,  Lagonoy  Gulf,  408  fathoms. 

CHBraASTER  GAZELLAB  Stader. 

Plate  50,  figs.  1--3 ;  plate  61,  fig.  1 ;  plate  52,  fig.  1 ;  plate  64,  figs.  8,  3a ;  plate  58, 

figs.  1,  2. 

Cheimster  gazeOae  Studeb,  1883,  p.  129 ;  1884,  p.  50,  pi.  4,  fig.  8,  a,  b,  c. 

The  specimens  listed  below  belong  to  a  comer  of  the  genus  in 
which  the  features  relied  upon  to  differentiate  species  are  subject  to 
considerable  variation.  The  species  of  this  section  look  alike,  so 
that  the  characters  sought  to  separate  them  are  difficult  to  handle 
because  they  concern  minute,  or  perhaps  subtle,  points  of  structure 
which  do  not  come  out  well  in  photographs,  and  which  may  even 
escape  the  notice  of  a  conscientious  observer.  The  specific  groups, 
into  which  this  section  of  Cheiraster  has  been  divided,  must,  there- 
fore, be  considered  as  experiments.   They  may  not  stand  the  test. 

Ludwig  (1910,  p.  456)  states  in  his  key  that  the  enlarged  central 
spinule  which  occurs  on  the  abactinal  plates  of  several  species,  nota- 
bly pUosuSy  niasumsy  and  inopsy  is  lacking  in  gazeUae.  He  appears 
not  to  have  examined  specimens  personally,  judging  by  a  list  of 
species,  given  on  page  486,  which  he  had  examined  for  the  dorsal 
muscle  bands.  There  is  no  evidence  from  Studer's  figure  that  the 
distal  abactinal  plates  lack  the  small  central  spinule  (such  as  charac- 
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torizes  Ch,  snyderi)^  for  the  reason  that  the  ray  is  recurved  and  the 
terminal  third  is  hidden,  and  the  figure  is  not  large  enough  to  show 
such  spines.  Studer  does  not  mention  them.  It  must  be  remembered 
that  Studer^s  type  was  small,  R  measuring  only  61  mm. 

In  all  the  large  specimens  listed  below  these  spinules  are  present 
In  3  large  examples  from  station  6538  the  maximum  of  variation  is 
present  In  one  the  inconspicuous  central  spinules  are  found  only 
on  the  terminal  attenuate  sixth  of  the  ray  and  are  few  in  number. 
In  the  other  2  specimens  they  extend  unevenly  to  the  papularia.  In 
a  large  specimen  from  station  5122  the  spinules  are  present  only 
near  the  tip  and  are  few  in  number.  Numerous  small  examples 
(B  45-60  mm.)  from  station  5388  either  lack  the  spinules  or  have  a 
few  on  the  terminal  third  or  fourth  of  the  ray.  At  best  they  are  in- 
conspicuous. There  are  a  few  other  differences  which  will  be 
pointed  out  the  course  of  the  description. 

Diagnosis. — Closely  related  to  Ch.  9nyderi  Fisher,  but  differing 
in  having  in  the  adult  longer  marginal,  subambulacral,  and  furrow 
spines,  larger  papularia  with  more  numerous  pores,  almost  obsolete 
abactinal  central  spinules,  slightly  more  numerous  furrow  spines; 
pedicellariae  numerous  on  actinal  intermediate  plates,  on  inferomar- 
ginals,  abactinally  (very  variable),  and  Intermarginally ;  in  large 
specimen  15  or  15}  and  in  small  specimen  14,  adambulacral  plates 
corresponding  to  first  10  inferomarginals.  Large  example  from  sta- 
tion 5122  measures:  B=120  nun.,  r=:15  mm.,  R=8  r;  breadth  of  ray 
at  base,  19  mm. 

Description. — ^As  compared  with  Ch.  snyderij  the  spinelets  of  the 
paxillae  are  a  little  longer.  A  large  paxilla  has  about  20  and  a 
medium-sized  one  about  10  papilliform,  pointed  spinelets  in  a  flori- 
form  group.  Sometimes  the  central  spinelet  is  a  trifle  longer  than 
the  others.  The  enlarged  central  spinule,  as  stated  above,  varies  in 
occurrence,  being  usually  confined  to  the  outer  third  to  sixth  of  ray. 
but  occasionally  straggling  as  far  as  the  papularium,  and  sometimes, 
especially  in  small  specimens,  being  entirely  absent.  The  papularia 
are  large,  bifid  distally,  the  total  length  being  about  two-thirds  the 
diameter  of  disk.  In  a  large  specimen  (station  5122)  there  are 
about  85  pores  to  an  area,  and  in  a  small  example  (station  6388), 
about  42 ;  in  Ch,  snyderi  there  are  about  30,  and  the  papularium  is 
about  r  in  length.  The  outer  end  of  the  papularium  is  opposite  the 
sixth  or  seventh  superomarginal  in  gaaeUae;  opposite  the  end  of  the 
third  in  snyderu 

Abactinal  pectinate  pedicellariae  usually  rare.  In  some  speci- 
mens from  station  5388  they  are  very  abundant.  The  larger  consist 
of  7  to  9  sharp  spinelets  in  2  curved  combs  (each  on  a  separate  plate) . 
These  spinelets  are  conspicuously  larger  than  the  other  spinelets  and 
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the  pedicellariae  occur  on  the  disk  and  nearly  to  tip  of  ray.  Other 
examples  from  the  same  station  have  only  a  few  abactinal  pedicel' 
lariae,  while  in  still  others  they  may  be  all  but  absent. 

Superomarginals  with  a  distinct  dorsal  surface,  the  spine  being  on 
the  lateral  face,  spaced  from  the  inner  edge  and  in  length  equal  to 
2  to  3  plates.  It  is  a  little  longer  than  in  snyderi.  Below  the  prin- 
cipal inf  eromarginal  spine,  which  equals  in  length  2  to  8  plates,  is  a 
transverse  row  of  2  secondary  spines,  the  median  often  over  half  as 
long  as  the  lateral  spine;  or  there  may  be  3  or  4  spaced  secondary 
spines  forming  an  irregular  group.  The  inferomarginal  armature 
is  more  prominent  than  in  snyderi,  where  the  principal  spine  scarcely 
ever  equals  2  plates  in  length.  At  the  base  of  the  ray  there  is  some 
irregularity  in  the  number  and  position  of  the  secondary  spines. 

Furrow  spines  long,  slightly  curved,  commonly  9  or  10,  sometimes 
11,  distally.  The  ends  are  usually  blunt  or  truncate  and  slightly 
flattened.  The  subambulacral  spine  is  prominent  and  often  slightly 
curved  and  equal  to  2  plates  in  length.  On  the  outer  part  of  ray  a 
second  smaller  spine  is  present  between  the  main  spine  and  the  furrow 
margin.  As  many  as  10  to  15  spinelets  stand  on  the  edges  of  the  plate 
and  between  the  subambulacral  spine  and  outer  edge  of  plate.  Two 
or  3  are  conspicuously  larger  than  the  others,  especially  1  near  or 
on  the  aboral  margin,  which  far  along  the  ray  moves  inward  and  be- 
comes the  accessory  spinule.  The  first  2  or  3  plates  usually  have  1 
or  2  accessory  subambulacral  spines  of  conspicuous  size,  but  beyond 
this  point  there  is  but  1  spine  and  the  2  or  3  enlarged  spinelets  spoken 
of  above,  until  the  outer  part  of  the  ray  is  reached  when  a  second 
is  regularly  present. 

Marginal  mouth  spines  8  to  10,  the  inner  2  broad,  truncate,  spatu- 
late.  There  is  one  conspicuous  suboral  spine  near  the  margin  and 
15  to  20  suboral  spinelets,  those  near  the  inner  end  the  longest  but  all 
conspicuously  shorter  than  the  spine. 

Pedicellariae  are  present:  (1)  Sparingly  on  the  abactinal  surface. 

(2)  A  few  between  the  superomarginal  and  inferomarginal  plates. 

(3)  Subcircular  fasciculate  pedicellariae  near  the  inner  edge  of  the 
inferomarginals,  often  with  1  or  2  of  the  spines  standing  on  an  ad- 
jacent adambulacral  plate.  There  are  usually  6  to  8  sharp,  taper- 
ing jaws  to  each,  and  they  extend  upward  of  three-fourths  the  length 
of  the  ray,  being  absent  usually  from  the  first  2  plates.  There  are 
1  or  2  to  a  plate  and  they  occupy  the  same  position  as  do  the  pedi- 
cellariae in  PecHncLster  mindcus^  except  that  here  the  jaws  are  slen- 
derer and  sharp.  (4)  Upward  of  12  prominent  pectinate  pedicel- 
lariae to  each  actinal  interradial  area.  In  the  largest  specimens 
the  actinal  plates  extend  to  the  fourth  inferomarginal  (sometimes 
the  third)  and  bear  in  addition  to  the  pedicellariae  numerous  spaced 
spinelets  and  usually  an  enlarged  spinule.    The  latter  is  not  at  all 
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constant  in  occurrence.  There  are  very  few,  or  none,  in  some  of  the 
areas  in  small  specimens  (station  5388),  while  one  or  more  areas  will 
have  at  least  a  few  developed. 

In  the  large  specimen  from  station  5122  the  dorsal  muscle  of  each 
side  sends  2  very  inconspicuous  tendons  to  join  the  upper  and  outer 
end  of  the  twelfth  and  thirteenth  ambulacral  ossicles.  It  is  conse- 
quently inaccurate  to  state  that  the  muscle  is  not  attached  to  the 
ambulacral  ossicles  in  Ch^aster.  There  is,  however,  no  specialized 
knob  as  in  Luidiaster  dawsoni.  My  key  (1911rf,  p.  120)  should  read 
^  ambulacral  ossicle  without  specialized  crest  for  attachment  of  ten- 
don of  dorsal  muscles;  tendons  very  inconspicuous."  In  the  speci- 
mens of  Ch.  anyderi  and  Ch.  inops  which  I  examined  for  this  fea- 
ture, the  tendons  can  not  be  seen,  possibly  because  the  specimens  were 
partly  dried.  Drying  does  not  destroy  the  tendon  in  Luidiaster^  nor 
in  typical  Pectinaster. 

Variations. — ^The  principal  variations  have  already  been  noted. 
Special  mention  should  be  made  of  specimens  from  station  6388^ 
which  have  very  numerous  pedicellariae,  especially  on  the  abactinal 
surface.  These  abactinal  pedicellariae,  however,  are  very  variable 
in  number.  There  are  8  or  9  furrow  spines,  a  trifle  broadened  at  the 
tip,  which  may  be  rounded  or  truncate.  The  first  plate  has  2  sub- 
imbulacrals,  the  others  have  1,  until  the  outer  part  of  the  ray  is 
reached,  when  there  are  usually  2,  the  smaller  being  next  to  the  fur- 
row series.  The  marginal  mouth  spines  are  8  and  the  inner  is  much 
enlarged,  flattened,  broader  at  the  truncate  tip  than  at  base.  The 
second  spine  is  a  little  shorter,  and  about  three-fourths  the  length  of 
the  inner.  The  remaining  6  are  subequal,  two-thirds  to  three-fourths 
as  long  as  the  second  oral  spine,  and  very  similar  in  every  way  to  the 
first  adambulacral  furrow  series,  though  sometimes  individually  a 
trifle  broader.  The  inferomarginal  and  superomarginal  spines  are 
markedly  longer  than  in  CK  snyderi  of  nearly  equal  size;  In  these 
specimens  the  papularia  are  much  larger  than  in  snyderi^  extend- 
ing to  the  end  of  the  fifth  or  middle  of  the  sixth  superomarginal 
plate.    The  papulae  are  about  40  to  45  in  these  smaU  specimens. 

Type-locality— IjoL  18°  5'  2''  S.;  long.  116^  8'  8''  E.  (off  north- 
western Australia),  195  fathoms,  gray  mud. 

Distribution. — Northwestern  Australia;  Mindoro  and  southern 
Luzon,  195  to  256  fathoms,  bottom  temperature  51.4°  to  53.3°  F. 

Specimens  examined. — One  hundred  and  eleven  from  ih^  follow- 
ing stations : 

5122.  East  coast  of  Mindoro  (vincinity  Malabrigo  Light),  220 
fathoms,  green  mud ;  9  specimens. 

5388.  Between  Burias  and  Luzon  (vicinity  Bagatao  Island  Light), 
226  fathoms,  soft  green  mud,  bottom  temperature  51.4°  F. ;  99  speci- 
men& 
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5588.  Between  Negros  and  Siquijor,  256  fathoms,  green  mud,  sand, 
bottom  temperature  63.3''  F.;  3  specimens  (large). 

CHEIRASTEB  DIOMEDEAE  Ftoher. 

Plate  47,  fig.  1 ;  plate  54,  figs.  5,  Son;. 
Clieiraster  diomedeae  Fisheb,  1917&,  p.  90. 

Diagnosis. — ^Rays  5,  long,  slender,  with  narrow  marginals  carrying 

1  superomarginal  and  usually  2  inferomarginal  spines;  abactinal 
plates,  with  10  to  15  spinelets  on  disk,  and  on  ray  usually  2  to  7; 
enlarged  central  spinules  scattered  on  outer  half  or  two-thirds  of 
ray ;  adambulacral  furrow  spines  10  to  12 ;  1  subambulacral  except  on 
outer  part  of  ray,  where  there  are  2 ;  11  to  13  oral,  and  1  prominent 
suboral  spine.  Papularia  small,  with  about  25  pores,  which  do  not 
reach  farther  than  opposite  middle  of  third  superomarginal.  Pecti- 
nate pedicellariae  on  the  abactinal  surface,  between  the  proximal 
superomarginals,  over  the  intermarginal  suture,  on  the  actinal  inter- 
mediate plates;  fasciculate  pedicellariae  on  the  actinal  surface  of 
inferomarginals.  Related  to  Ch.  snyderi.  B=86  nmi.,  r=10  nun., 
E=8.6  r;  breadth  of  ray  at  base  (between  first  and  second  supero- 
marginals, 10  mm. ;  at  middle  of  ray,  5  mm. 

DeacriptioTL — ^The  groups  of  spinelets  of  the  abactinal  plates  are 
slightly  spaced — ^usually  about  one-third  the  diameter  of  the  pseudo- 
paxilla,  which  consists,  on  the  disk  of  10  to  15  tapering  rough  spine'- 
lets,  the  3  to  5  central  variable  in  length,  but  ordinarily  longer  than 
the  peripheral.  Some  of  them  have  a  short  central  spinule  overtop- 
ping the  rest,  but  not  long  enough  to  rank  as  an  enlarged  central 
spine,  the  latter  occurring  on  the  outer  half  or  two-thirds  of  the 
ray,  where  the  distinctly  spaced  pseudopaxillae  have  2  to  7  short 
delicate  spinelets.  Only  a  relatively  few  along  the  radial  area  have 
an  enlarged  central  spine.  This  is  slender,  rough,  pointed,  and 
variable  as  to  length,  being  proximally  3  to  5  times  the  length  of  the 
peripheral  spinelets,  and  distally  upward  to  10  times.  Some  of  the 
larger  spines  have  9  or  10  peripheral  spinelets.  Pectinate  pedicel- 
lariae are  scattered  on  the  disk  and  base  of  rays.    They  consist  of 

2  combs  of  3  to  5  pointed  spines,  2  to  4  times  longer  than  the  ordinary 
spinelets  of  the  same  plate.  The  2  combs  are  on  adjoining  plates,  and 
appear  to  be  a  little  less  specialized  than  in  Ch.  gazellae^  inasmuch 
as  the  plate  is  scarcely  different  from  the  other  except  for  the  pres- 
ence of  the  slightly  curved  comb  of  sharp  spines.  Some  combs  do  not 
have  a  vis-Jl-vis. 

The  papularia  are  small,  with  about  25  pores  in  4  rows,  the  distal 
end  being  scarcely  two-parted.  The  papularium  extends  to  opposite 
the  end  of  the  second  or  the  middle  of  the  third  superomarginal 
plate,  its  total  length  being  6  to  7  mm.  and  breadth  4  mm.,  or,  re- 
spectively, 0.6  to  0.7,  and  0.4,  the  minor  radius.    The  small  papu- 


Digitized  by  VjOOQIC 


STARFISHES  OF  THE  PHILIPPINE  SEAS.  201 

lariiim  alone  will  readily  separate  this  species  from  gazeUde^  in  which 
the  pores  of  even  small  specimens  are  over  85  in  number. 

The  snperomarginals,  40  in  nmnber,  are  narrow  abactinally,  the 
extreme  length  beiiig  about  twice  the  abactinal  breadth  (2.5  mm.: 
1.25  mm.),  and  the  long  single  spine  is  lateral  in  position.  This 
spine  is  quite  short  on  the  first  plate,  but  increases  in  length  up  to 
the  fifth,  where  it  is  exactly  2  plates  in  length;  this  length  is  main- 
tained for  a  few  plates,  then  the  spine  decreases  gradually  and  a 
little  more  rapidly  than  the  decrease  in  the  length  of  the  plates,  for 
on  the  outer  half  of  ray  it  is  1.5  plates  in  length.  The  first  8  or  4 
transverse  superomarginal  sutures  have  a  small  pectinate  pedicellaria. 
TTie  general  surface  of  the  plate  is  covered  with  very  short,  slender, 
delicate  spaced  spinelets,  a  little  longer  near  the  base  of  spine.  No 
accessory  spinules. 

Inf eromarginals  rather  narrow  actinally  but  very  tumid  laterally, 
with  one  slender,  tapering,  sharp,  lateral  spine,  ordinarily  a  little 
slenderer  and  shorter  than  the  corresponding  superomarginal  spine 
on  the  proximal  third  of  ray ;  but  beyond  that  point  the  spine  de- 
creases very  slowly  in  size,  while  the  superomarginal  decreases  much 
more  rapidly.  The  inferomarginal  spine  is  1.6  to  2  times  the 
length  of  the  superomarginal  on  the  outer  third  of  the  ray  and  about 
2  to  2.25  plates  in  length.  Just  below  the  principal  spine  is  a  sec* 
end  one,  half  to  two-thirds  its  length,  while  on  the  proximal  fourth 
of  ray  is  a  third  (and  sometimes  beside  it  a  fourth)  about  one-half 
or  two-thirds  as  long  as  the  inner  border  of  the  plate.  The  general 
surface  of  the  plate  is  covered  with  well-spaced  spinelets  similar  to 
those  of  the  snperomarginals.  With  the  exception  of  the  first  or 
first  2  inferomarginals  and  those  of  the  terminal  third  of  ray  (about 
the  last  20) ,  the  actinal  surface  of  each  plate  bears  1  or  2  donspicuous, 
circular,  fascicular  pedicellariae  with  5  to  8  sharp,  tapering  teeth. 
In  addition,  on  the  longitudinal  irUermarffindl  suture,  to  nearly 
every  pair  of  supero-inferomarginals  beyond  about  the  tenth,  is  a 
small  pectinate  pedicellaria  with  8  to  5  slightly  modified  spinelets 
to  each  comb.  The  2  combs  meet  over  the  intermarginal  suture  and 
may  occur  up  to  the  last  marginals. 

Corresponding  to  first  10  inferomarginals,  16  adambulacral  plates. 
The  latter  are  distinctly  spaced  and  have  a  semicircular,  prominent 
furrow  margin  bearing  at  the  base  of  ray  10,  increasing  on  outer 
part  of  ray  to  12  slender,  round-tipped,  slightly  curved  spines,  of 
which  the  median  6  or  7  are  the  longest.  On  the  actinal  surface  of 
plate  is  a  single  slender,  tapering,  sharp,  slightly  curved  spine  about 
as  long  as  the  inner  border  of  the  adjacent  inferomarginal ;  on  the 
outer  two-fifths  of  ray  a  second  shorter  one  is  added  between  the 
first  and  the  furrow  series.  There  is  no  second  subambulacral  spine 
on  the  first  ambulacral,  as  in  Ch.  gazeUae^  Ch.  snyderi^  Ch.  inopsy 
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and  Oh.  fUasieus.  One  or  2  small  spinelets  stand  on  either  trans- 
verse  margin  of  plate  and  1  or  2  near  the  outer  margin. 

Actinal  intermediate  plates  16  to  20  to  each  area  and  extending 
to  middle  or  end  of  second  inferomarginaL  Each  area  has  8  to  10 
conspicuous  pectinate  pedicellariae,  the  largest  with  6  or  6,  some- 
times 7,  sharp  spines,  of  the  characteristic  Cheiraster  form,  to  each 
curved  comb.  (General  surface  of  plates  with  short,  equal,  slender, 
spaced  spinelets  as  long  as  those  of  inferomarginals,  and  to  each 
area  1  to  8  plates  have  an  enlarged  spinule. 

Mouth  plates  with  11  to  13,  usually  12,  marginal  spines,  the  inner 
truncate  or  round  tipped,  broad,  and  about  half  as  long  as  the  inter- 
radial  suture  between  the  2  plates;  the  next  is  blunt,  about  half  as 
broad  and  three-fourths  as  long,  while  the  remaining  spines  re- 
semble those  of  the  first  adambulacral.  There  is  1  suboral  spine  to 
each  plate,  near  the  free  margin  and  a  little  nearer  the  aboral  than 
the  inner  corner.  It  is  not  quite  so  long  as  the  first  subambulacral. 
There  are  18  to  20  short,  tapering,  pointed  spinelets  on  the  convex 
surface  of  the  plates ;  1  just  back  of  the  inner  marginal  spine  is  inter- 
mediate in  size  between  the  spinelets  and  the  suboraL 

Madreporic  body  large,  with  a  large  plate  on  its  inner  side  and  7 
other  rather  large  plates  (in  addition  to  about  3  small)  surrounding 
it.  Bidges  irregular,  transverse,  in  an  interradial  direction.  It  is 
situated  its  own  diameter  from  margin. 

Type.— C^it.  No.  37035,  U.S.N.M. 

Type-locality. — Station  6512,  Iligan  Bay,  north  coast  of  Minda- 
nao, 423  fathoms,  gray  mud,  fine  sand,  bottom  temperature  52.8'* 
F.;  1  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remwrk8.»—ThiQ  species  may  be  distinguished  from  Ch.  iiiops  by 
th^  absence  of  scattered,  enlarged,  centi*al  paxillar  spines  on  the 
disk  and  by  the  presence  of  abundant  conspicuous  pedicellariae;  by 
the  more  numerous  furrow  and  oral  spines  and  the  absence  of  a  sec- 
ond subambulacral  spine  on  the  first  adambulacral  plate.  It  may  be 
distinguished  from  Ch.  niasicua  by  its  lack  of  enlarged  abactinal 
spines  on  the  disic,  by  its  very  narrow  superomarginals  (in  niasictM 
they  are  wider  than  long),  by  the  narrower  inferomarginals,  more 
numerous  oral  and  subambulacral  spines,  and  by  the  absence  of  a 
second  subambulacral  spine  on  the  first  plate.  The  marginal  plates 
of  niasicus  are  rather  heavy;  in  diomedeae  they  are  relatively  small. 
Ch.  anyderi  seems  to  be  the  nearest  relative.  It  has,  however,  fewer 
adambulacral  and  oral  spines,  a  second  subambulacral  spine  on  the 
first  plate,  broader  inferomarginals  with  longer  miliary  spinelets, 
shorter  and  stouter  major  marginal  spines,  and  several  conspicuous 
accessory  inf  eromarginal  spinule&  Further  anyderi  has  shorter  rays, 
shorter  abactinal  spinelets,  lacks  the  conspicuous  inferomarginal  fks- 
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dculate  pedioellariae  of  diomedeae^  and  has  a  much  smaller  madre- 
poric  body. 

The  principal  differences  between  gazeUae  and  diomedeae  are  as 
follows :  gazeUae  has  much  more  extensive  papular  areas,  with  more 
numerous  pores,  even  in  small  specimens.  Large  specimens  have 
about  80  pores  and  small  examples  35  or  40  or  even  more,  according 
to  size.  In  diomedeae  there  are  but  25,  or  half  as  many  as  a  similar 
sized  specimen  of  gazeUae  would  have.  In  gazeUae  there  are  fewer 
marginal  mouth  spines  and  furrow  spines,  which  are  stouter,  and  the 
first  adambulacral  has  2  well-developed  subambulacral  spines.  The 
abactinal,  enlarged  Efpines  of  the  ray  of  diomedeae  are  more  con- 
spicuous and  more  numerous  than  usually  the  case  in  gazeUae^ 
although  this  character  is  variable  and  difficult  to  apply. 

GHBIRASTEB  LUDWIGI  Flihflr. 

Plate  48,  flg.  1;  plate  49,  fig.  2;  plate  66,  figs.  2,  2a. 
Oheiraster  ludwigi  Fibhsb,  1918c,  p.  206. 

Diagnosis. — ^Differing  from  Ch.  gazeUae  Studer  (as  herein  under- 
stood) in  having  only  about  10  papular  pores,  and  consequently  very 
small  papularia,  which  do  not  extend  beyond  the  first  superomar- 
ginal  upon  the  rays;  in  having  short,  robust  inferomarginal  spines, 
imbsquamiform  or  squamiform  central  inferomarginal  spinelets,  no 
sign  of  distal  abactinal  enlarged  spinules,  and  normally  no  infero- 
marginal fasciculate  pedicellariae;  in  having  17  instead  of  16  to  15.5 
adambulacrals  to  first  10  inferomarginals,  and  2  suboral  spines  in- 
stead of  1.  Bays  5.  B=53  mm.,  r=9.6  mm.,  R=5.5  r;  breadth  of 
ray  at  second  superomarginal,  9  mm.  Superomarginal  spine  stout, 
near  middle  of  plate;  1  stout  inferomarginal  spine  and  1  conical 
accessory  spinule  below  it;  adambulacral  plates  very  prominent, 
meeting  in  middle  of  furrow;  furrow  spines  7  or  8;  1  subambulacral 
spine  (2  on  first  plate  and  on  distal  plates) ;  oral  spines  7;  suboral 
spines  2. 

Description. — ^Abactinal  plates  only  slightly  elevated,  the  groups 
of  small,  subequal,  bluntly  pointed  or  obtuse  spinelets  distinctly 
spaced,  sometimes  more  than  the  diameter  of  the  group.  No  enlarged 
central  spine  anywhere  on  the  abactinal  surface.  The  larger  paxillae 
of  disk  have  10  to  12  upright  or  slightly  divergent  spinelets;  the 
smaller  (in  the  minority)  have  5  to  7,  or  upward  of  10.  On  the  ray 
6  to  7  slightly  slenderer  spinelets  surround  a  single  central  one,  or 
8  to  5  form  a  simple  group.  One  or  2  inconspicuous  pectinate  pedi- 
oellariae are  present  near  the  anal  aperture.  Papularia  small,  2 
parted  with  about  10  pores,  the  distalmost  being  even  with  a  line 
across  the  ray  between  the  interradial  marginal  sutures  of  either 
interbrachium.  The  superomarginals,  25  in  number,  are  longer  than 
broad  beyond  the  fifth,  and  encroach  narrowly  upon  the  abactinal 
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area,  the  stout,  tapering,  sharp  spine  being  situated  on  a  sAigfat 
tumidity  at  center  of  plate,  and  directed  horizontally  outward.  Thfe 
spines  increase  in  length  up  to  the  fourth  or  iSfth,  which  is  about 
one  and  one-third  times  the  length  of  its  plate;  thence  the  spines 
decrease  in  size  gradually  with  their  respective  plates.  Grenenl 
surface  of  plate  covered  with  spaced  small  spinelets  similar  to  thoec 
of  the  paxillae.  Sutures  between  plates  prominent  and  very  oblique 
dorsally.  On  the  interradial  suture  between  the  2  iSrst  supercwnargi- 
nals  is  a  prominent  pectinate  pedicellaria  (in  one  interradius  2,  one 
above  the  other),  with  sometimes  one,  also,  between  the  first  and 
second  plates  of  either  ray.  On  the  distal  third  or  fourth  of  ray, 
between  each  pair  of  supero-inferomarginals,  is  a  pectinate  pedicel- 
laria. 

For  the  distance  of  the  first  4  or  5  marginal  plates  the  ray  is 
unusually  thick  dorsoventrally.  Inf  eromarginal  plates  tumid,  with  a 
stout  lateral  spine  similar  to  the  superomarginal,  and  below  this  1 
small  spine.  On  the  outer  part  of  the  ray  the  lateral  spine  is  about 
as  long  as  2  plates  and  longer  than  the  corresponding  superomarginal 
Surface  of  plates  covered  with  slender,  pointed,  appressed  spinelets, 
larger,  more  spaced,  and  squamif orm  on  the  central  portion  of  plate. 
They  are  directed  away  from  the  inner  margin  of  the  plate. 

Actinal  intermediate  areas  small,  there  being  but  2  plates  in  the 
series  between  the  mouth  and  first  inferomarginal  plates,  and  about 
8  for  each  area,  the  plates  reaching  to  the  middle  of  the  second  in- 
feromarginal. Each  area  has  about  4  very  prominent  semiovoid 
pectinate  pedicellariae  with  about  5  or  6  blunt,  slightly  curved  spine- 
lets  in  each  comb.  The  plates  also  bear  spaced  subequal  spinelds 
similar  to  those  of  the  inf  eromarginals. 

Adambulacral  plates  with  a  very  prominent  furrow  margin,  which 
touches  that  of  the  opposite  plate  and  segregates  consecutive  pairs 
of  tube  feet,  the  mesial  furrow  spines  standing  upright,  and  the 
lateral  usually  also.  Furrow  spines  8  (sometimes  7),  the  3  or  4 
mesial  terete,  untapered,  or  only  very  slightly  tapered,  round-tipped, 
and  upright,  similar  to  the  corresponding  spines  of  truUipes  but 
longer  (equaling  the  plate  in  length).  On  either  side  of  these  are 
2  slightly  tapered,  bluntly  pointed  spines,  the  lateralmost  the  shorter. 
On  the  center  of  the  plate  is  a  prominent,  upright  suboral  spine  (1^ 
times  length  of  plate).  On  the  first  plate  there  are  2,  and  on  the 
distal  third  of  the  ray  there  are  regularly  2,  the  second  appearing 
external  to  the  first,  not  toward  the  furrow  as  in  the  distal  plates  of 
gazellae.  Six  to  8  spinelets  form  a  series  around  the  remaining  3 
sides  of  the  plate,  usually  about  2  standing  on  either  transverse 
suture  margin. 

Marginal  mouth  spines  about  7,  which  decrease  in  size  from  the 
prominent  inner  tooth  to  the  third  spine,  which  is  only  half  as  long. 
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Then  the  spines  increase  slightly,  to  decrease  again,  the  outer  4  being 
independently  graduated  in  length  toward  the  2  mesial  (fifth  and 
sixth  from  inner  end  of  series).  Suboral  spines  2,  in  a  series  parallel 
to  median  suture,  along  which  are  about  6  spinelets  on  each  plate,  in 
addition  to  1  or  2  in  line  with  the  suborals. 

Pedicellariae,  as  detailed  above  occur:  (1)  Abactinally;  (2)  be- 
tween the  superomarginals  interbrachially ;  (8)  between  supero-  and 
inferomarginals  on  outer  part  of  the  ray;  (4)  on  the  actinal  inter- 
mediate plates.  One  inferomarginal  plate  of  the  type  has  a  small 
fasciculate  pedicellaria  and  one-half  of  a  pectinate  pedicellaria  on 
the  transverse  suture. 

Madreporic  body  situated  its  own  diameter  distant  from  margin, 
and  with  a  large  plate  on  the  adcentral  side;  striae  numerous,  fairly 
coarse. 

Type.— Cat.  No.  82627,  U.S.N.M. 

Type'locdUty.—SiSLtion  6660,  Flores  Sea  (lat.  5**  86'  80''  S. ;  long. 
120^  49^  E.),  692  fathoms,  gray  mud,  sand,  bottom  temperature 
39.2°  F.;  1  specimen. 

Distribution. — Kjiown  only  from  the  type-locality. 

Remarks. — ^This  deep-water  form  differs  from  Ch.  trulUpes 
(Sladen)  in  having  a  well-developed  actinal  intermediate  area, 
actinal  and  intermarginal  pedicellariae,  larger  abactinal  paxillae, 
longer  furrow  spines,  7  oral  spines,  and  17  (instead  of  15)  adambu- 
lacrals  to  the  first  10  inferomarginals.  Ch.  truilipes  was  taken  by 
the  ChaUenger  west  of  Luzon,  in  1,050  fathoms,  blue  mud,  bottom 
temperature  87"^  F.  It  thus  belongs  to  greater  depths  and  to  a  lower 
temperature  belt  than  the  Flores  Sea  species. 

This  species  is  named  in  honor  of  the  late  Dr.  Hubert  Ludwig, 
whose  paper  on  the  Notomyota  includes  a  most  useful  revision  of 
Chdraater. 

CHEIBASTEB  TSIPLACANTHUS  Fisher. 

Plate  48,  figs.  8,  4 ;  plate  55,  figs.  1,  la. 

Cheira^ier  triplacanthus  Fishsb,  1913o,  pi  206. 
Diagnosis. — ^Belonging  to  the  subtubercvlatus  group;  differing 
from  subtuherculatus  in  having  actinal  pedicellariae,  7  or  8  furrow 
spines,  longer  inferomarginal  spines,  and  especially  in  having  a  trans- 
verse series  of  8  prominent  superomarginal  spines  on  the  distal  half 
of  ray  and  1  spine  only  on  the  proximal  half.  Disk  large,  rays  slen- 
derer than  in  subtuherculatus^  tapering  very  gradually  from  wide 
interbrachial  arcs  to  a  bluntly  pointed  tip.  R=49  mm.,  r=12  mm., 
B==4  r;  breadth  of  ray  at  first  superomarginal  14  mm.,  at  third, 
8.5  mm.  No  abactinal  spines ;  papularia  large,  flat,  two-lobed ;  1  in- 
feromarginal spine,  and  proximally  1  or  2  small  accessories ;  8  or  9 
oral,  and  1  suboral  spine. 
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Description.— AhhctinBl  area  plane,  slightly  lower  than  the  mar- 
ginal plates,  which  form  a  broad  border  to  the  area,  Abactmal 
plates  low,  slightly  convex,  not  at  all  paxilliform,  and  bearing  small, 
prickly,  sharp  granuliform  spinelets.  The  largest  plates,  on  the 
papularia,  have  upward  of  10  to  12  peripheral  and  2  to  4  central 
granules,  while  on  the  proximal  part  of  the  ray  1  or  0  central  and 
5  to  8  peripheral  granules  are  found.  The  number  of  granules  de- 
creases toward  the  end  of  the  ray.  On  the  outer  third  the  number 
is  reduced  to  2  or  8,  and  on  the  distal  fourth,  to  1.  The  gioups 
of  granular  spinelets  are  rather  uniformly  spaced  on  the  disk  and 
proximal  half  of  ray  one-third  to  one-half  the  width  of  the  group. 
No  enlarged  central  spines  and  no  pedicellariae. 

Papularia  large,  as  long  as  the  first  4  superomarginals  and  a^  broad 
as  the  length  of  the  first  3,  strongly  two-lobed.  In  fact,  each  papu- 
larium  is  double  and  joined  only  at  the  adcentral  end.  There  are 
about  80  pores  to  each. 

Anal  opening  prominent,  guarded  by  6  plates  with  longer  spinelets 
than  elsewhere  on  the  area. 

Superomarginals  22  or  28,  encroaching  broadly  upon  the  abactinal 
area,  slightly  tumid,  especially  toward  ambitus,  and  separated  by 
prominent,  oblique,  smooth  grooves.  The  armature  is  peculiar. 
About  the  first  10  plates  bear  on  the  rounded  margin  between  the 
dorsal  and  lateral  facets  of  the  plate  a  short,  stout,  pointed  tubercle, 
proximally  acorn-shaped,  which  is  shorter  there  than  the  length  of 
plate.  This  spine  increases  slightly  in  length  and  decreases  in  thick- 
ness distad.  Beyond  the  tenth,  the  plates  are  more  tmnid,  and  each 
bears  a  transverse  series  of  8  subequal,  tapering,  rough  spines  which 
occupy  the  whole  width  of  the  plate.  Proximally  they  are  a  little 
longer  than  their  plate,  and  near  the  end  of  the  ray  are  equal  to 
about  8  plates  in  length.  Parallel  to  the  major  spines  is  an  adoral 
series  of  8  accessory  spinules,  while  aborally  there  is  an  enlarged 
spinule  which  often  is  nearly  as  large  as  the  major  spines,  and  is 
associated  often  with  1  or  2  much  smaller  spinules.  This  abrupt 
transition  from  1  to  8  superomarginal  spines  gives  a  very  character- 
istic appearance  to  the  armature  of  the  superomarginals,  as  the 
distal  spines  are  bent  over  and  usually  cover  the  abactinal  area. 
General  surface  of  plates  covered  with  small  widely  spaced  spinelets 
similar  to  those  of  the  abactinal  area,  which  become  larger  on  the 
low  lateral  face  of  plate.  The  terminal  plate  is  prominent,  wider 
than  long,  and  covered  with  spines. 

Inferomarginal  plates  slightly  tumid,  bearing  a  single  lateral, 
tapering,  sharp  spine,  a  little  longer  than  its  plate  proximally,  and 
regularly  and  gradually  decreasing  in  size  toward  end  of  ray.  The 
first  4  or  6  plates  have  1  or  2  small  accessory  spinules  forming  a 
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transverse  series  below  the  lateral  spine.  The  general  surface  of 
plate  is  covered  with  spaced,  pointed  spinelets  longest  on  the  well- 
rounded  surface  between  the  ventral  and  lateral  aspect  of  the  plate^ 
and  longer  than  the  superomarginal  spinelets. 

Actinal  interradial  areas  rather  large,  the  distance  between  the 
inner  edge  of  inferomarginals  and  outer  end  of  mouth  plates  equal- 
mg  first  3  inferomarginals  measured  on  ambitus,  or  the  distance  be- 
tween interradial  suture  of  marginal  plates  and  the  distalmost  in- 
termediate plate.  Each  plate  bears  a  few  subequal,  spaced,  papilli- 
form  spinelets.  Each  interradial  area  bears  6  to  8  subcircular  pec- 
tinate pedicellariae,  with  3  to  6  stout,  sharp  jaws.  Sometimes  a 
pedicellaria  consists  of  only  1  comb. 

Adambulacral  plates  with  a  semicircular  furrow  margin  bearing 
a  fan-shaped  group  of  7  or  8  slender  spines,  slightly  shorter  than 
their  plate,  the  2  or  3  median  sometimes  slightly  shorter  than  those 
spines  immediately  to  either  side.  There  is  1  subambulacral  spine 
abont  as  long  as  its  plate,  and  proximally  1  to  3  spinelets  form  a 
more  or  less  evident  longitudinal  series  with  the  above.  Distally 
the  subambulacral  spine  is  not  prominent  and  is  accompanied  by 
1  to  3  spinelets  only  slightly  smaller  and  all  subequal  to  the  furrow 
spinelets.  Seventeen  (or  16.5)  adambulacrals  correspond  to  first 
10  inferomarginals. 

Mouth  plates  broad,  with  8  or  9  marginal  spines,'  the  inner  the 
longest,  tapering,  bluntly  pointed,  the  rest  subequal  to  the  adambu- 
lacral furrow  spines  and  decreasing  a  trifle  in  length  at  outer  end 
of  series.  About  midway  between  inner  and  outer  ends  of  plate  is 
a  short  conical  suboral  spine,  about  as  long  as  the  subambulacral. 
Six  or  7  spaced  spinelets  follow  the  median  suture  margin  and  about 
8  the  margin  adjacent  to  first  adambulacral  plate. 

In  addition  to  the  actinal  intermediate  pedicellariae  a  small 
pectinate  pedicellaria  occurs  irregularly  ventrally  on  the  transverse 
suture,  between  any  of  the  first  5  inferomarginals,  but  never  between 
all  of  them. 

Madreporic  body  small,  with  few  coarse  striae,  and  situated  twice 
its  diameter  from  the  inner  margin  of  the  superomarginal  plates. 

Type.— CB,t.  No.  32628,  U.S.N.M. 

Type-locality. — Station  5651,  Gulf  of  Boni,  Celebes,  700  fathoms, 
green  mud;  bottom  temperature,  38.7**  F.;  1  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^This  Cheiraster  has  a  very  different  appearance  from 
any  others  herein  listed.  The  transverse  series  of  3  prominent  spines 
on  the  distal  marginals  is  very  characteristic  and  will  serve  to  dis- 
tinguish the  species  from  Ch.  subtuberculatus  and  Ch.  granulatus 
(see  Ludwig,  1910,  p.  456).    The  presence  of  only  1  prominent  in- 


Digitized  by  VjOOQIC 


208  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

feromarginal  spine  and  of  inferomarginal  pedicellariae  are  addi- 
tional differences  separating  triplacanthus  from  granulatiLB.  Ch.  mb- 
tuberculatus  was  taken  by  the  Challenger  at  station  164,  off  the 
coast  of  Australia,  east  of  Sydney,  950  fathoms,  green  mud;  bottom 
temperature  36.5°  F. 

Genus  BENTHOPECTEN  Yenffl. 

Benthopecten  Vebbiix,  Amer.  Journ.  Set.  and  Arts,  voL  28,  18S4,  p.  21S 
(footnote). — LuDwiG,  1910,  p.  464  (part).~FisHER,  1911d,  p.  142. 
Type,  B.  8pino9U8  VerriU. 

Parachaster  Sladen,  1885,  p.  610.— Ltjdwio,  1910,  p.  462  (part).  Type, 
P.  pedicifer  Sladen ;  figure. 

KmT   TO    SPECIES   OF   BENTHOPECTEN    HEREIN    DESCRIBED. 

a\  Actinal  plates  with  a  single  epinelet,  the  long  spines  of  disk  graduated  in 

length  into  splnelets  of  ray B,  moluccanua,  p.  208. 

a\  Abactinal  plates  with  more  than  1  spinelet,  at  least  on  disk;  the  compara- 
tively few  prominent  spines  of  ray  not  graduated  in  length  into  those 
of  disk. 
6\  Abactinal  plates  of  ray  with  upward  of  5,  or  even  more,  spinelets;  odd 
Interradial  superomarginal  spine  not  unusually  long  (equal  in  length  to 
first  1.5  to  2  superomarginals) ;  short  accessory  superomarginal  spines; 
inferomarginal  pedicellariae  on  outer  part  of  ray— B.  polycteniu8,  p.  211. 
V.  Only  1  or  2  spinelets  to  each  abactinal  plate  of  ray;  odd  interradial 
superomarginal  spine  very  long  (equal  in  length  to  first  4  or  5  supero- 
marginals) ;   no  accessory   superomarginal  spines ;   no  Inferomarginal 
pedicellariae  on  outer  part  of  ray B.  stvracius,  p.  213, 


BENTHOPECTEN  MOLUCCANUS  1 

Plate  53,  fig.  1 ;  plate  55,  figs.  5,  5<i-&. 
Benthopecten  moluccarius,  1913c.  p.  207. 

Diagnosis. — ^Differing  from  B.  huddlestonii  in  having  only  2  in- 
feromarginal and  2  subambulacral  spines,  and  from  B.  acanthonotus 
in  having  a  larger  adambulacral  furrow  comb  (with  7  to  9  spines), 
pedicellariae  between  the  distal  inferomarginal  plates,  very  few  or  no 
accessory  abactinal  spinelets,  a  more  restricted  papular  area,  and  in- 
feromarginal spines  which  are  subequal  proximally.  R=80  mm., 
r=8  mm.,  R=10r;  breadth  of  ray  at  base,  about  10  mm.  Disk 
small,  rays  slender  and  very  flexible.  Abactinal  plates  with  a  single 
spine,  those  of  disk  graduated  in  length  into  spines  of  rays;  supero- 
marginals with  1  and  inferomarginals  with  2  spines;  subambulacrals, 
2;  furrow  spines,  7  to  9;  oral  spines  variable,  5  to  8;  suborals,  3  to  6; 
abundant  abactinal  pedicellariae  on  disk  and  variable  on  rays;  in- 
feromarginal pedicellariae  in  interbrachium  and  an  outer  part  of 
ray ;  actinal  intermediate  pedicellariae  often  present. 

Description, — ^Abactinal  plates  each  with  a  single,  slender,  thorny 
spine,  those  of  the  disk  long  and  bristling  (4  mm.,  or  equal  in  length 
to  1.5  proximal  superomarginals).  These  shorten  gradually  from  cen- 
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ter  of  disk  to  base  of  ray,  as  in  if .  huddlestonii^  the  spinelets  of  ray 
being  well  spaced  and  about  1  mm.  long.  A  few  plates  have  1  or  2 
minute  spinelets  in  addition  to  the  above.  Numerous  pedicellariae, 
with  3  to  5  minutely  thorny  spinelets  in  each  comb  and  with  2,  3,  or  4 
combs  to  each  pedicellaria,  are  scattered  over  disk  and  form  an  inter- 
rupted series  along  either  side  of  ray  near  the  marginal  plates,  for 
about  half  the  length  of  ray.  The  pedicellariae  are  very  variable  in 
Biunber  on  the  ray.  In  the  cotype  there  are  16  or  16  in  each  series ;  in 
the  tjrpe  about  3  to  5;  in  small  specimens  (R=up  to  50  mm.)  the 
pedicellariae  do  not  extend  beyond  the  papular  area. 

Papulae  are  distributed  over  disk  and  along  ray  as  far  as  the  be- 
ginning of  the  third  superomarginal  plate.  The  end  of  the  area  is 
bilobed. 

Superomarginal  plates,  subelliptical,  longer  than  high,  confined  to 
side  wall  of  ray  and  with  a  long  slender  spine  on  the  middle  of  the 
upper  margin,  below  which  is  a  much  shorter  and  slenderer  rather 
inconspicuous  spinule  and  a  second  just  aborad.  The  principal  spine 
is  longest  in  the  fourth,  fifth,  and  sixth  plates,  there  equaling  the 
length  of  1.75  superomarginals  (6  to  7  nam.).  The  surface  of  the 
plate  is  bare,  except  for  1  to  3  minute  spinelets,  near  the  adoral  mar- 
gin of  the  plate.  Interradial  plate  a  little  over  1.5  times  as  high  as 
the  adjacent  first  superomarginal,  bearing  at  its  upper  end  a  stout, 
long,  sharp  spine  (7  to  10  mm.  long,  or  longer  than  r)  and  3  acces- 
sory spinules  about  3  mm.  long.  Terminal  plate  broader  than  long, 
with  a  broad  notch  adorad,  and  the  surface  covered  with  numerous 
prominent  spinules. 

Inferomarginals  slightly  in  advance  (aborad)  of  the  superomargi- 
nak,  and  with  2  subequal  spines,  a  little  smaller  proximally  than  the 
corresponding  superomarginal  spines;  distally  the  upper  spine  is  con- 
siderably longer  than  the  superomarginal  spine,  while  the  lower  is 
conspicuously  shorter  than  its  companion.  Pedicellariae  occur  be- 
tween the  inferomarginal  plates  irregularly  in  the  interbrachium, 
and  also  on  the  outer  half  or  two-thirds  of  rays.  The  occurrence  is 
very  variable  even  on  different  rays  of  the  same  example.  Small 
specimens  may  lack  the  distal  pedicellariae,  and  the  interbrachial  are 
lacking  in  a  specimen,  nearly  as  large  as  the  type,  from  station  5619. 

The  type  has  6  actinal  intermediate  plates  forming  a  single  series. 
The  plates  have  a  subcentral  slender  spine  and  2  or  3  minute  spinelets, 
but  no  pedicellariae.  In  the  cotype  there  is  a  pedicellaria  in  2  inter- 
radii.  Three  specimens  from  station  5619^  have  the  pedicellariae  and  4 
lack  them.  One  is  interesting  in  having  the  pedicellariae  between  the 
odd  inferomarginal  and  the  intermediate  plates. 

Adambulacral  plates  with  7  furrow  spines  on  the  first  few  plates, 
then  8  or  sometimes  9.    Subambulacral  spines  2,  in  an  oblique  trans- 
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verse  series.  Nineteen  or  20  plates  correspond  to  the  first  10  in- 
feromarginals. 

Mouth  plates  with  6  to  8  furrow  spines,  the  inner  much  enlarged, 
the  second  slightly  less  so.    Suboral  spines  8  to  5. 

Madreporic  body  convex,  prominent,  touching  an  odd  superomargi- 
nal;  striae  radiating;  ridges  rather  fine. 

Variations  and  yotmg. — ^In  specimens  of  the  same  size  as  the  type 
and  cotype  variation  is  found  in  the  number  of  abactinal  pedicellariae 
of  the  rays;  in  the  occasional  presence  of  1  or  2  minute  spinelets 
in  addition  to  the  regular  spine  of  the  abactinal  plates;  in  the  num- 
ber of  inferomarginal  pedicellariae;  presence  of  actinal  interradial 
pedicellariae;  in  the  number  of  oral  spines  (5  or  6  in  type,  8  in 
cotype) ;  in  the  number  of  suboral  spines  (8  in  type,  5  in  cotype) ; 
length  of  odd  interradial  superomarginal  spine  (7  or  8  mm.  in  type, 
10  mm.  in  cotype). 

Small  examples  (R=80  mm.)  have  relatively  very  prominent  inter- 
radial superomarginal  spines,  lack  abactinal  pedicellariae  on  rays, 
have  very  small  or  no  accessory  superomarginal  spinules,  have  as 
few  as  4  or  5  furrow  spines,  4  oral  spines,  and  8  suboral  spines. 
Specimens  of  intermediate  size  have  6  or  7  furrow  spines,  but  the 
number  of  oral  and  suboral  spines  varies  in  specimens  of  the  same 
size  just  as  in  the  adult.  The  same  is  true  of  the  actinal  intermediate 
pedicellariae. 

There  is  a  very  young  specimen  from  station  6619,  having  R  9  mm. 
The  odd  interradial  superomarginal  spines  are  5  mm.  long;  furrow 
spines  4  or  5,  oral  spines  6 ;  no  pedicellariae. 

Type.— Cat  No.  82629,  U.S.N.M. 

Type-locality.— Steition  5618,  Molucca  Passage  (lat.  0^  37'  N.; 
long.  127^  15'  E.),  417  fathoms,  gray  mud;  2  specimens. 

Distribution. — Known  only  from  Molucca  Passage. 

Specimens  examined. — ^Nine;  in  addition  to  the  type,  7  from  station 
5619,  Molucca  Passage,  near  type-locality,  485  fathoms,  fine  gray 
sand  and  mud. 

Rem/irks. — This  species  differs  from  B.  huddlestonii  Alcock  in 
having  abactinal  pedicellariae,  only  2  inferomarginal  spines,  2  sub- 
ambulacral  spines,  and  a  less  complete  series  of  inferomarginal 
pedicellariae.  Although  the  type  of  mx>luccanvs  is  much  smaller 
than  that  of  B.  hvddlestonii^  there  are  as  many,  or  even  1  more, 
furrow  spines.  In  Ludwig's  key  to  the  species  of  Benthopecten  (1910 
p.  465)  B.  m^luccanus  wouM  occupy  a  position  just  after  B.  huddle- 
stonii^ with  a  coordinate  subhead  reading:  inferomarginal  plates 
with  2  spines;  adambulacral  plates  with  7  to  9  furrow  and  2  sub- 
ambulacral  spines;  mouth  plates  with  5  to  6  oral  spines. 

B.  moluccarms  differs  from  B.  semAsqwmuUus  (Sladen)  and  B.  wnt* 
arcticus  (Sladen)  in  having  pedicellariae  and  more  numerous  far< 
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row  spines.  It  differs  from  B.  spinoaus  Verrill  in  having  pedicel- 
lariae,  in  having  only  2  (and  larger)  infercmarginal  spines,  smaller 
disk,  smaller  actinal  intermediate  areas,  and  more  numerous  long, 
abactinal  disk  spines,  which  are  graduated  in  length  into  those  of  the 
ray,  not  abruptly  larger  as  in  apmosus.  B.  8pmo9U8  is  of  a  much 
stouter  habit,  as  is  also  B.  mutahUis^  which  does  not  at  all  resemble 
moluccamis,  having  the  abactinal  spines  abruptly  larger  in  the  middle 
of  the  disk.  B.  acanthanotus  differs  in  having  a  shorter  furrow 
comb  with  4  to  6  spines,  several  prominent  accessory  inferomarginal 
spinules  and  1  to  6  accessory  spinelets  in  connection  with  the  abac- 
tinal spines  of  disk,  and  in  having  the  inferomarginal  pedicellariae 
confined  to  base  of  ray. 

BBNTHOPECTEN  POLYCTENIUS  Fisher. 

Plate  51,  figs.  2,  8 ;  plate  52,  fig.  2 ;  plate  55,  fig.  4. 
Benthopecten  polycteniuB  Fishkb,  1913c,  p.  208. 

Diagnosis. — Closely  related  to  B.  violaceus  (Alcock),  but  differing 
in  having  abactinal  pedicellariae,  inferomarginal  pedicellariae  far 
along  the  ray  (in  adult  specimens),  more  numerous  furrow  spines, 
and  20  instead  of  24  adambulacral  plates  to  the  first  10  inf  eromargi- 
nals.  E=224  mm.,  r=18  mm.,  E=12+r;  breadth  of  ray  at  base, 
23  nmi.  Abactinal  area  of  large  specimen  with  numerous  large 
pedicellariae  extending  far  along  ray;  abactinal  plates  with  4  to  8 
short  spinelets,  and  scattered  spines  on  disk  only;  superomarginals 
with  1  spine,  together  with  2  unequal  accessory  spinules  and  3  or  4 
slender  spinelets  proximally,  and  only  1  accessory  spinule  over  most 
of  ray;  2  inferomarginal  spines;  2  subambulacral  spines,  with  often 
a  third,  smaller  accessory;  furrow  spines  13  or  14  (9  or  10  on  first  2 
plates)  ;  7  or  8  oral  spines  and  3  to  6  suboral  spines;  20  adambulacral 
plates  correspond  to  the  first  10  inferomarginals,  omitting  the  odd 
plate. 

Description  of  type. — Abactinal  area  with  only  short  spinelets  on 
rays  and  a  few  scattered  spines  on  disk,  the  largest  on  the  primary 
basal  plates.  Plates  of  ray  with  commonly  5  to  8  very  short  spine- 
lets, which  become  abruptly  longer  and  thicker  on  the  papular  area 
of  disk  and  base  of  ray,  where  there  are  usually  4  to  6  to  a  plate. 
The  spinelets  are  round  tipped,  slightly  roughened,  and  invested 
with  membrane.  The  spines  of  the  disk  are  surrounded  by  upward 
of  10  spineleta  Numerous  large  pedicellariae  composed  of  2  or  3 
combs  of  about  6  to  7,  slightly  curved,  pointed  or  blunt  spines  are 
scattered  over  disk  and  for  a  variable  distance  along  the  median 
line  of  ray — usually  nearly  to  the  end.  The  pedicellariae  on  the  disk 
are  1.75  to  2.25  mm.  in  diameter. 

Papulae  distributed  all  over  disk  and  on  the  ray  as  far  as  the 
fourth  superomarginal,  the  distal  margin  of  the  area  being  two- 
lobed. 
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Superomarginal  plates  confined  to  side  wall  of  ray,  and  much 
longer  than  high.  Each  bears  a  long,  slender,  tapering  spine,  dose 
to  the  upper  margin,  8  or  9  mm.  long  (equal  to  about  1^  plates  in 
length).  The  first  4  plates  have  usually  2  unequal,  accessory  spines, 
together  with  3  or  4  slender  spinelets.  Beyond  this  point  there  is  at 
first  1  accessory  spine,  much  shorter  than  the  principal  spine,  and 
gradually  this  decreases  in  size  and  merges  in  with  the  2  or  3  spine- 
lets  which  accompany  the  principal  spine.  The  interradial  plate  is 
higher  than  the  rest  and  bears  at  the  upper  end  4  prominent  spines, 
one  of  which  is  generally  larger  than  the  rest. 

Inferomarginals  very  nearly  opposite  superomarginals,  not  alter- 
nate as  Alcock  states  is  the  case  with  violaceics.  Inferomarginal 
spines  2,  the  lower  the  shorter.  Very  conspicuous  pedicellariae  with 
2  semicircular  or  arcuate  combs  (containing  upward  of  10  spines) 
are  present  on  the  transverse  suture  between  nearly  all  the  infero- 
marginal plates  except  the  last  dozen.  The  general  surface  of  the 
marginal  plates  is  bare  except  for  a  few  widely  scattered  spinelets. 

Actinal  intermediate  areas  small,  with  8  to  12  large  pedicellariae. 
The  plates  bear  1  to  3  slender  spinules. 

Furrow  spines  8  or  9  on  the  first  2  plates,  gradually  increasing  to 
13  or  14.  They  are  very  slender  and  bluntly  tipped.  Subambu- 
lacral  spines  usually  2,  commonly  4.5  mm.  (or  2.5  plates)  long.  A 
third  small  spine,  about  as  large  as  a  furrow  spine,  stands  at  outer 
end  of  series  and  is  sometimes  enlarged  into  a  regular  suboral;  an- 
other small  spine  usually  stands  on  the  adoral  half  of  the  plate,  near 
the  above  series.  Twenty  adambulacral  plates  correspond  to  the 
first  10  inferomarginals,  omitting  the  odd  plate. 

Mouth  plates  with  7  or  8  marginal  spines  and  3  to  5  suboral  spines, 
the  latter  in  a  series  along  the  middle  of  the  rather  narrow  exposed 
surface,  with  1  spine  between  the  innermost  spine  and  the  inner 
aboral  corner  of  the  plate.  The  2  inner  spines  of  the  marginal  series 
are  enlarged. 

Madreporic  body  convex,  prominent,  situated  its  own  diameter 
from  the  marginal  plate;  striae  fine,  irregular.  There  is  a  tuft  of 
prominent  unequal  spines  on  the  adcentral  side  of  the  madreporic 
body. 

Vcmationa  and  young. — The  type  is  a  very  large  specimen.  The 
chief  differences  in  the  younger  examples  are:  Fewer  abactinal 
pedicellariae  (comfined  to  papular  area) ;  usually  fewer  spinelets  on 
abactinal  plates;  papulae  extending  to  about  the  inner  end  of  third 
superomarginal;  less  conspicuous  accessory  superomarginal  spines; 
inferomarginal  pedicellariae  confined  to  base  of  ray  (in  small  speci- 
mens) or  interrupted  and  irregular  in  occurrence  on  the  outer  part; 
fewer  furrow  spinelets  (7  to  9  in  a  specimen  with  R=80  mm.  and 
a  maximum  of  11  in  another  with  R=120  mm.) ;  as  few  as  2  actinal 
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interradial  pedicellariae,  or  even  none  in  a  specimen  with  B  equal 
to  35  mm. 

Type.— Cat.  No.  32630,  U.S.N.M. 

Type-locality. — Station  5654,  Gulf  of  Boni,  Celebes,  805  fathoms, 
bottom  not  recorded,  bottom  temperature  88.3°  F.;  12  specimens. 

Distribution. — ^Known  only  from  type-locality. 

Specimens  examined. — Twelve,  from  type-locality. 

Remarks. — ^The  largest  specimen  differs  very  markedly  from  B. 
violaceus  (Alcock) ;  but  the  type  of  the  latter  has  R  about  100  mm., 
and  when  comparison  is  made  with  an  equal-sized  example  of  the 
present  form,  the  differences  are  by  no  means  so  striking.  The  type 
of  5.  violacei^  is  probably  but  half  grown.  A  large  specimen  would 
very  likely  have  more  numerous  pedicellariae,  more  numerous  ab- 
actinal  spinelets,  and  more  numerous  furrow  spines. 

The  following  are  the  differences  between  B.  violaceus  and  B. 
•polyctenius  of  equal  size : 

B.  violaceus,  B,  polyctenius. 

24  adambulacral  plates  correspond  20  adambulacrals  correspond  to  first 
to  firat  10  inferomarginals.  10  Inf eromarginals. 

No  abactinal  pedlceUariae.  Abactinal  pediceUariae  few,  on  disk 

only.     (In  the  type,  numerous  on  disk 

and  rays). 

loferomarginal  pediceUariae  In  in-         Inferomarginal  pediceUariae  in  in- 

terbrachial  arcs  only.  terbracbial  arcs  and  far  along  ray  also. 

Furrow  spines,  7  or  8.  Furrow  spines,  9  to  11  (as  high  as 

18  or  14  in  type). 

5.  polyctenius  belongs  to  the  genus  PararcJuister^  as  defined  by 
Ludwig  (1910,  p.  462).  In  his  key  the  species  would  follow  directly 
after  violaceus^  with  the  differential  characters  just  cited. 

BBNTHOPECTEN  STYBAdUS  Fisher. 

Plate  58,  fig.  2;  plate  55,  figs.  3,  3a. 

Benthopecten  styracius  Fishes,  1913c,  p.  208. 

Diagnosis. — Similar  in  general  appearance  to  B.  violaceus^  but 
with  numerous  abactinal  pedicellariae,  and  very  large  odd  inter- 
radial superomarginal  spines;  differing  from  B.  polyctenius  in  hav- 
ing only  1  or  2  spinelets  to  each  abactinal  plate  of  the  ray,  much 
larger  interradial  superomarginal  spines,  no  accessory  superomar- 
ginal spines,  fewer  inferomarginal  pedicellariae  (none  on  outer  part 
of  ray),  fewer  furrow  spines.  R=105  mm.,  r=10.6  mm.,  II=1Q  r; 
breadth  of  ray  at  base,  about  10  mm. ;  odd  interradial  superomarginal 
spine,  17  mm.  long.  .     ^ . , ' 

Description. — ^Abactinal  surface  in  general  resembling  (hs^t'of 
equal-sized  specimens  of  B.  polyctenius^  but  the  rpromuie^jit  spmes 
of  disk  and  basal  portion  of  ray  (papular  area)  fewer  and  smaller. 
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Spinelete  fewer,  there  being  only  1  or  2  to  a  plate  beyond  the  papular 
area,  and  on  papular  areas  (including  center  of  disk  where  papulae 
are  absent)  there  are  1,  2,  or  3  spinelets  to  a  plate.  On  the  scattered 
plates  which  have  small  spines  there  are  1  to  8  small  spinelets  in 
addition.  In  B,  polyctenvua^  of  the  same  size,  the  plates  of  ray  have 
upward  of  5  spinelets,  and  on  the  disk  2  to  6.  On  the  disk  and  as 
far  along  ray. as  papulae  extend  are  rather  numerous  prominent 
subcircular  pectinate  pedicellariae  composed  of  2  or  3  combs  having 
each  3  to  5  acute  spinelets. 

Papulae  extending  to  distal  margin  of  third  superomarginal  plate 
(second  in  cotype),  a  little  farther  than  in  a  comparable  specimea 
of  polyctenius. 

Superomarginal  plates  in  form  and  posture  closely  resembling  those 
of  B,  polyctemus^  but  the  accessory  spines  lacking,  there  being  only 
a  small  spinule  on  the  first  2  or  3  plates.  The  odd  plate  bears  a  rela- 
tively immense  sharp  spine  (14  to  17  mm.  long),  as  long  or  longer 
than  diameter  of  disk,  and  the  most  characteristic  feature  of  this 
species.  This  spine  is  about  7  mm.  long  in  a  comparable  specimen 
of  B.  polyctenius. 

The  inferomarginals  bear  2  spines,  the  lower  one-half  to  three- 
fourths  the  length  of  the  upper,  similar  to  those  of  B.  potycterUus. 
The  plates  of  outer  third  of  ray  are  very  slender  and  bear,  as  a  rule, 
only  1  spine.  Between  the  plates  of  proximal  half  of  ray  is  a  pecti- 
nate pedicellaria,  but  these  may  be  absent  from  a  number  of  plates, 
their  occurrence  being  subject  to  variation. 

Actinal  interradial  areas  small,  bearing  each  2  large  pectinate 
pedicellariae  (one  interradius  has  2.5  pedicellariae). 

Furrow  spines  7  or  8,  slender,  bluntly  pointed,  the  successive 
combs  spaced  a  little  less  than  their  base  line.  (In  B.  polyctenius  a 
comparable  specimen  has  9  to  11  spines,  the  combs  spaced  only  one- 
half  the  length  of  their  base  line.)  Subambulacral  spines  2,  the  outer 
slightly  the  shorter,  with  a  third  quite  small  spinule  usually  present 
adorad  of  the  outer  spine.  Nineteen  to  22  plates  correspond  to  first 
10  inferomarginals,  omitting  the  odd  plate. 

Oral  spines  6 ;  suboral,  3,  in  a  series  along  middle  of  plate.  The 
armature  resembles  that  of  B.  polyctenius^  which  may  have  a  few 
more  spines,  but  the  number  of  spines  is  variable. 

Madreporic  body  slightly  spaced  from  the  odd  superomarginal* 
convex,  with  radiating  striae. 

Type.—Csit  No.  32631,  U.S.N.  M. 

Type-locality.— Steition  5668,  Macassar  Strait  (lat.  2°  28'  15"  S.; 
long.  118°  49'  E.),  901  fathoms,  gray  mud,  bottom  temperature  38.2° 
F. ;  2  specimens. 

Distribution, — Known  only  from  the  type-locality. 
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RemarkB. — ^Although  this  species  is  close  to  both  B.  violacetts  and 
B.  polyct€niv^\  its  characters  seem  to  warrant  its  separation.  It 
differs  from  B.  violaceus  in  having  numerous  abactinai  pedicellariae, 
larger  interradial  superomarginal  spines,  no  accessory  superomar- 
ginal  spines,  rather  fewer  abactinai  spinelets,  and  fewer  adambu- 
lacral  plates  to  the  first  10  inferomarginals.  That  styracius  is  a  race 
of  violaceus  is  quite  within  the  range  of  possibility. 

As  the  foregoing  description  is  largely  in  the  form  of  a  comparison 
between  polyctenius  and  styracius  nothing  further  need  be  added. 

Family  RADIASTERIDAE  Fisher. 


Mimasterinae  Sladen.  1889,  p.  331.— Fisher,  1911  d,  p.  161. 
Jfima«ferWae  Vebbhx,  1914a,  p.  282.  "    ''^ 

Radiasteridae  Fibheb,  1916a,  p.  4. 

Diagnosis. — Phanerozonia,  with  small,  subequal,  subpaxilliform 
marginals,  resembling  the  Astropectinidae  abactinally  and  the  Ga- 
neriidae  actinally,  but  with  sucking  disks  on  the  tube  feet  and  com- 
plete membranous  interbrachial  septa,  and  superambulacral  plates; 
abactinai  skeleton  consisting  of  penicillate,  usually  independent, 
paxillae;  actinal  plates  imbricated  in  transverse  series,  tabulate,  with 
a  coordinated  tuft  of  spinelets ;  adambulacral  armature  a  coordinated 
luft  of  spinelets  increasing  in  length  toward  the  two  or  three  almost 
undifferentiated  furrow  spinelets ;  first  adambulacral  somewhat  com- 
pressed ;  mouth  plates  rather  astropectinoid,  with  a  straight  or  angu- 
lar marginal  series  of  spines,  with  or  without  an  unpaired  median 
spine  at  the  inner  angle. 

Remarks. — ^In  respect  to  its  systematic  position  Mimaster  Sladen 
has  been  a  rather  restless  genus.  Sladen  recognized  its  curious  com- 
bination of  apparently  incompatible  characters  and  made  it  the  type 
of  a  subfamily  of  the  Pentagonasteridae.  It  has  been  variously  re- 
garded as  belonging  to  the  Archasteridae  (Perrier,  1894),  Plutonas- 
teridae  (Verrill,  1899),  and  Goniasteridae  (Fisher,  1911</),  until  re- 
cently it  was  dignified  by  being  raised  to  family  rank  (Verrill,  1914). 
Professor  Verrill's  disposition  seems  to  be  the  best  way  out  of  the 
difficulty. 

Since  the  publication  of  the  Asteroidea  of  the  North  Pacific,  I  have 
had  the  opportunity  of  examining  two  true  Mimasters,  M.  tizardi 
Sladen,  and  M.  notabUis  Fisher,  as  well  as  the  M.  cognatus  of  Sladen, 
which  appears  to  be  generically  distinct. 

The  abactinai  skeleton  of  Mimaster  is  strongly  astropectinoid,  the 
plates  being  typical  penicillate  paxillae,  but  the  marginals,  while 
perhaps  neutral,  remind  one  strongly  of  the  mai^nals  of  Cycethra^ 
a  resemblance  heightened  by  the  actinal  and  adambulacral  armature, 
which  is  decidedly  ganeriid.    By  having  definite  sucking  disks  on 
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the  tube  feet  Miinaster  is  removed  from  proximity  to  Leptychastev, 
an  association  suggested  by  the  dorsal  surface,  including  the  mar- 
ginals, while  it  can  not  be  placed  in  the  Ganeriidae  because  it  pos- 
sesses superambulacral  plates  and  lacks  the  heavily  calcified  internal 
interbrachial  pillar,  the  reticulated,  imbricated,  abactinal  skeleton, 
and  the  asterinoid  abactinal  armature  of  Cycethra  and  Ganeria. 

In  Mimaater  the  membranous  interradial  septum  forms  a  complete 
partition  from  the  side  wall  of  the  disk  to  a  free  margin  close  against 
the  stomach ;  but  in  Cycethra  and  in  Ganeria  (as  in  Solaster  and  in 
Asterina)  there  is  a  rigid  pillar  running  from  above  the  mouth  plates 
to  the  abactinal  surface,  the  coelom  being  undivided  between  this 
pillar  and  the  margin  (an  incomplete  calcified  septum). 

In  this  connection  I  would  like  to  call  attention  to  the  resemblance 
between  Ganeria  and  the  Solasteridae.  The  marginal  plates  of 
Ganeria  falklandica  are  essentially  like  those  of  Solaster,  and  in  the 
adambulacral  armature  we  find  a  very  generalized  form  of  the 
peculiar  pectinate  type  of  the  Solasteridae.  The  form  and  armature 
of  the  mouth  plates,  the  actinal  intermediate  plates,  and  even  the 
adambulacral  plates  can,  however,  be  more  nearly  matched  in  the 
Asterinidae.  The  abactinal  skeleton,  though  of  an  open  reticulate 
form,  especially  on  the  disk,  is  more  nearly  like  that  of  the  Aster- 
inidae than  like  that  of  the  Solasteridae. 

While  perhaps  in  some  way  related  to  the  Ganeriidae,  I  think 
Mimaater  is  well  within  the  Phanerozonia.  Gephyreaater^  which  I 
formerly  associated  with  it  in  the  Mimasterinae,  and  Priamaster 
Koehler  seem  to  belong  in  this  family  in  a  special  subfamily,  the 
Priamasterinae.^  The  internal  anatomy  of  Priamaster  has  not  been 
described. 

The  purely  nomenclatorial  side  of  the  matter  is  complicated  by 
Radiaater  elegans  Perrier.  Through  the  kindness  of  Dr.  H.  L.  Clark 
I  have  examined  the  type  (unfortunately  dried)  in  the  Museum  of 
Comparative  Zoology  (No.  909,  Dominica,  West  Indies,  982  fath- 
oms). From  every  outward  indication  this  species  is  a  typical 
Mimiaster.    Radiaater  has  one  year  priority. 

Subfamily  Radiasterinae  Fisher. 

SYNOPSIS  OF  THB  QBNBBA  OF  RADIASTERINAE. 

a\  Gonads  confined  to  the  disk  and  consisting  of  several  tufts  springing  from 
a  common  point  close  to  tlie  interbrachial  septum;  hepatic  coeca  with 
long  subdivisions,  so  that  each  ray  appears  to  have  from  six  to  ten  sepa- 
rate coeca  of  unequal  length;  tube  feet  ,with  well-developed  sucking 
disks ;  lateral  abactinal  plates  not  cruciform  nor  regularly  imbricated. 

•  Radiaater  *  Perriw. 

1  Fisher.  1917d,  p.  172. 

s  Component  species :  Radiaster  elegant  Perrier,  genotype ;  R,  tizardi  (Sladen)  ;  R,  noto- 
hilU  (Fisher). 
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'.  Gonads  consisting  of  numerous  tufts  extending  in  a  radial  series  near  the 
superomarginal  plates  for  over  half  the  length  of  the  ray ;  hepatic  coeca 
two,  not  appearing  multiple  on  account  of  long  subdivisions  as  In  the 
preceding;  tube  feet  with  very  small  sucking  disks;  lateral  abactinal 
plates  distinctly  four-lobed,  regularly  imbricated MimastreUa^  Fisher. 

Genus  RADIASTER  Perrier. 

Radiaster  Perbier,  1881,  p.  17.    Type,  R.  elegans  Perrier. — Fisher,  1916a, 

p.  4. 
Mimaster  Sladen,  Proc.  Royal  Soc.  Edinburgh,  vol.  11.  1882.  p.  702.    Type, 

M.  tizardi  Sladen;  18886,  p.  579,  pi.  34;  1889,  p.  331. 

RADUSTER  NOTABELIS  (Fisher). 

Plate  41,  figs.  6,  6a;  plate  57,  fig.  2 ;  plate  58,  fig.  1. 

Mimaster  notahUia  Fisher,  1913o,  p.  624. 
RadioMier  nota^iUs  Fisher  1916a,  p.  5. 

Diagnosis. — Differing  from  R,  tizardi  (Sladen)  in  having  much 
slenderer  rays,  more  numerous  paxillar  spinelets,  more  prominent 
paxilliform  marginal  plates,  a  narrower  actinal  intermediate  area 
3n  ray,  and  fewer  adambulacral  spinelets.  K=104:  mm.,  r=85  mm., 
R=3  r ;  breadth  of  ray  at  base,  89  mm.  Paxillae  spaced  with  upward 
3f  75  delicate,  terete,  pointed  spinelets,  either  closely  appressed  in  a 
cylindrical  upright  group  or  radiating  and  forming  a  subglobose 
crown;  marginal  plates  small,  paxilliform,  the  inferomarginals  the 
larger,  about  as  high  as  the  length  of  the  base,  and  standing  out 
horizontally  from  ambitus ;  the  crown  of  spinelets  compressed,  wider 
than  long;  actinal  intermediate  plates  in  10  or  11  very  regular 
chevrons  and  extending  to  the  end  of  the  ray;  halfway  along  ray 
about  5  actinal  intermediate  plates  in  a  transverse  series  (8  or  9  in 
tizardi) ;  intermediate  plates  with  spaced,  cylindrical,  upright  paxilli- 
form groups  of  slender  spines;  adambulacral  armature  resembling 
that  of  M.  tizardi^  but  with  13  or  14  (instead  of  15  to  20)  spinelets, 
2  or  3  of  which  (about  1.5  plates  in  length  and  considerably  stouter 
than  the  rest)  occupy  the  furrow  margin. 

Description. — Paxillae  spaced;  spinelets  nmnerous,  very  delicate, 
terete,  pointed,  forming  sometimes  a  cylindrical  flat-topped  group 
and  sometimes  from  their  radiating  position  a  more  or  less  hemi- 
spherical group.  The  abactinal  surface  very  greatly  resembles  that 
Df  a  Dipsaca^ter.  The  paxillae  are  apranged  at  the  sides  of  the  area 
in  a  sort  of  quincunx — ^in  series  oblique  to  the  radial  line,  but  in 
series  trending  both  distad  and  proximad  from  any  given  point.  The 
paxillae  are  a  little  smaller  on  the  center  of  disk  than  toward  the 
margin,  where  the  longest  are  found,  but  the  difference  is  not  great. 
One  of  the  larger  paxillae  has  between  50  and  75  very  delicate,  sharp, 

>  Fisher,  1916a,  p.  5;  genotype,  Mimaster  cognatua  Sladen. 
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practically  capillary  spinelets,  slightly  shorter  to  slightly  longer 
than  the  stout  cylindrical  convex  pedicel.  On  the  outer  part  of  the 
ray  the  pedicel  is  usually  shorter  than  the  spinelets.  The  madreporic 
body  is  covered  by  about  20  very  large  paxillae,  which  stand  on  its 
surface  and  about  the  edge.  The  spinelets  are  delicate  and  very 
numerous  and  when  the  crown  is  expanded  it  is  2  or  even  3  times  as 
broad  as  that  of  an  ordinary  paxilla.  The  papulae  are  numerous  and 
distributed  all  over  the  abactinal  area. 

The  bases  of  the  paxillae  are  very  irregularly  lobed  and  are 
separated  one-fourth  to  one-half  their  diameter.  On  the  margin 
of  the  area  the  plates  are  sometimes  subquadrate  in  general  form, 
but  elsewhere  the  plates  are  roundish  with  5  or  6  short  lobes  or  are 
quite  irregular. 

Marginal  plates  small,  paxilliform,  both  series  confined  to  the 
ambitus;  margin  of  ray  thin,  formed  by  the  united  bases  of  the 
marginal  paxillae.  Superomarginal  paxillae,  62  or  53,  proximally 
with  the  crown  wider  than  long,  distally  with  the  crown  cylindrical 
The  spinelets  are  a  little  longer  than  the  pedicel.  Each  superomar- 
ginal stands  directly  above  and  close  to  the  corresponding  infero- 
marginal  which  is  half  again  as  large,  and  consecutive  pedicels  are 
separated  by  1  or  2  times  their  diameter.  The  inferomarginal 
paxillae  are  wider  than  long  at  the  crown  and  are  about  as  high 
proximally  as  the  distance  between  the  middle  of  one  crown  to  the 
middle  of  the  next.  These  paxillae  greatly  resemble  the  marginal 
paxillae  of  Solaster.  The  inferomarginals  define  the  ambitus  while 
the  superomarginals  are  dorsal  in  position.  Terminal  plate  sub- 
circular,  with  a  shallow  notch  on  the  side  toward  paxillar  area.  It 
is  covered  with  short  spinelets. 

Actinal  interradial  areas  large,  but  narrower  on  ray  than  in  R. 
tizardL  A  single  series  of  plates  reaches  the  end  of  ray.  The  plates 
are  arranged  in  very  regular  series,  corresponding  to  the  adam- 
bulacral  plates,  and  extending  to  the  marginals  but  hot  correspond- 
ing to  them.  The  first  10  inferomarginals  correspond  to  about  14 
series  of  intermediate  plates.  The  intermediate  plates  also  form 
regular  longitudinal  series  or  chevrons.  The  first  chevron  has  paired 
interradial  plates  behind  the  mouth  plates,  but  most  of  the  other 
chevrons  have  an  unpaired  plate  at  the  apex,  interradially,  though 
sometimes  out  of  place  slightly.^  There  are  10  or  11  of  these  chevrons, 
the  outermost,  very  small.  Halfway  along  the  ray  in  R.  tizardi 
there  are  8  or  9  plates  in  a  transverse  series;  in  R.  notabilis  only  5; 
three-fourths  the  length  of  ray,  in  tizardi^  6  or  6  plates  in  a  trans- 
verse series,  and  in  notabilis^  only  2  or  3.  Each  plate  bears  on  a  low 
eminence  a  cylindrical,  paxilliform,  penicillate  group  of  20  to  25 
slender,  sharp,  closely  coordinated  spinelets,  the  peripheral  about 
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half  as  long  as  the  central.  The  groups  are  spaced  1  to  2  times 
their  diameter.  The  spines  are  much  longer  than  the  low  tabulum. 
The  appearance  is  very  similar  to  that  of  R.  tizardi^  there  being  shal- 
low channels  between  consecutive  transverse  rows.  From  the  coe- 
lomic  side  the  plates  are  seen  to  imbricate  strongly  in  the  transverse 
series  and  slightly  in  respect  to  the  plates  on  either  side. 

Adambulacral  spines  18  or  14,  slender  and  pointed,  in  an  upright 
coordinated  group  and  decreasing  very  rapidly  in  lengthirom  the  2  or 

3  on  the  furrow  margin  (equal  to  1^  plates  in  length)  to  the  3  or 

4  small  spinelets  on  outer  edge  of  the  group.  In  some  groups  an 
arrangement  in  4  longitudinal  series  is  evident.  The  shape  of  the 
groups  is  subcircular  or  roughly  three-sided,  and  they  are  spaced  from 
one  another  about  half  the  length  of  the  plate.  The  tips  of  the 
marginal  spines  are  slightly  compressed. 

Mouth  plates  narrow,  densely  covered  with  slender,  tapering, 
bluntly  pointed,  upright  spines,  which  form  a  coordinated  group  for 
each  pair  of  plates.  The  outer  margin  of  each  plate  has  only  a 
slight  angle  between  the  furrow  margin  and  that  adjacent  to  the 
first  adambulacral.  The  marginal  spines  proper  are  6  or  7,  slender, 
slightly  flattened,  bluntly  pointed,  the  innermost  the  stoutest;  10  to 
12  smaller  spinelets  continue  this  series  to  the  outer  end  of  the  plate. 
Another  series  of  similar  spinelets  follows  the  margin  of  the  suture 
from  the  outer  to  inner  end  of  plate,  and  an  intermediate  series  is 
present  on  the  outer  part  of  the  plate.  There  are,  in  all,  between  60 
and  60  spines  to  each  plate. 

Madreporic  body  large,  with  an  irregular  outline,  and  entirely 
obscured  by  relatively  very  large  paxillae.  It  is  situated  with  the 
inner  edge  about  midway  between  center  and  margin. 

Gonads  in  a  single  tuft  on  either  side  of  each  membraneous  inter- 
brachial  septum.  Superambulacral  ossicles,  broadly  elliptical  in 
form,  are  present. 

Yowng. — ^The  young  specimen  from  station  5605  has  R  10  mm., 
r  5..5  mm.  The  spinelets  are  extraordinarily  delicate.  The  chief 
difference  between  this  specimen  and  the  adult  lies  in  the  fewer  and 
relatively  longer  spines  and  the  much  lower  tabulum  of  the  mar- 
ginal plates.  The  rays  are,  of  course,  relatively  shorter  and  broader. 
The  paxillae  have  ordinarily  10  to  25  spinelets  longer  than  the 
tabulum.  The  spinelets  of  the  marginal  plates  are  very  delicate  and 
in  spaced  groups  on  the  middle  of  the  convex  plates.  The  proximal 
inferomarginals  have  a  low  tabulum,  scarcely  half  as  long  as  the 
spines,  which  are  as  long  or  longer  than  their  plate.  The  terminal 
plate  is  prominent  and  closely  covered  with  delicate  spinelets.  Ac- 
tinal  intermediate  plates  in  3  chevrons;  the  spinelets  long,  delicate,  in 
spaced  groups.    Adambulacral  groups  of  spinelets  relatively  a  little 
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closer  than  in  the  adult.  The  spinelets  are  so  delicate  and  relatiTelj 
so  much  more  prominent  than  in  the  adult  that  this  small  speciroai 
might  aptly  be  described  as  shaggy. 

Type.—CAt  No.  30638,  U.S.N.M. 

Type-locality. — Station  5680,  vicinity  of  Batjan  Island  (south  of 
Patiente  Strait),  Molucca  Islands  (lat.  0°  66'  30"  S.;  long.  W 
06'  E.),  669  fathoms,  coral  sand,  mud;  1  specimen. 

Distribution. — ^Molucca  Islands  and  Gulf  of  Tomini,  Celebes. 

Specimens  examined. — ^Two;  besides  the  type  an  immature  speci- 
men from  station  6606,  Gulf  of  Tomini,  Celebes,  647  fathoms. 

Rem/vrhs. — ^It  is  somewhat  startling  to  find  such  a  near  relative  of 
the  North  Atlantic  R.  tizwrdi  in  the  Moluccas.  So  far  the  gMius  his 
not  been  found  in  the  North  Pacific,  although  it  most  likely  occurs 
there. 

As  noted  in  the  synopsis  of  the  genera  of  this  family,  the  Minrniir 
cognattis  of  Sladen  is  not  congeneric  with  tizardi^  but  is  separated 
by  important  anatomical  features  which  justify  the  erection  of  a 
separate  genus. 

Family  GONIASTERIDAE*  Forbes,  1841  (emended). 
Subfamily  Pseudarchasterinae  Sladen,  1889,  extended. 

Genus  PSEUDARCHASTER  Sladen. 

Pseudarchaster  Sladen,  1889,  p.  109.    Type,  P«.  discus  Sladen. 

PSEUDARCHASTER  JORDANI  Flaher. 

Pseudarchaster  jordani  Fisheb,  1906,  p.  1038,  pi.  10,  figs.  7,  7o ;  pL  IS. 

figs.  2,  2a. 
Astrogonium  jordani  Koehler,  1909,  p.  49. 

Specimens  examined. — Five,  from  the  following  stations: 

Station  5582,  vicinity  of  Darvel  Bay,  Borneo,  890  fathoms,  gray 
mud,  fine  sand,  bottom  temperature  38.3°  F. ;  2  specimens. 

Station  5586,  Sibuko  Bay,  Borneo,  476  fathoms,  gray  mud,  bottoDi 
temperature  41.1°  F. 

Station  6587,  Sibuko  Bay,  Borneo,  415  fathoms,  green  mud,  sand. 
coral,  bottom  temperature  42.3°  F. 

Station  5618,  Molucca  Passage,  417  fathoms,  gray  mud. 

Type-locality. — Station  3474,  south  coast  of  Oahu  Island,  Ha- 
waiian Islands,  375  fathoms,  fine  white  sand. 

Distribution. — ^Hawaii  to  the  Molucca  Islands,  Borneo,  and  the 
Indian  Ocean,  off  southern  India,  375  to  1,085  fathoms. 

Remarks. — The  specimens  listed  above  differ  from  typical  jordm 
in  a  few  minor  details.    All  but  the  example  from  station  5618  ait 

»  For  a  discussion  of  this  family  and  a  key  to  the  genera,  see  Fisher,  1911<i.  pp.  15^ 
174  ;  Verrill,  1914o,  pp.  285-289,  gives  valuable  critical  notes. 
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larger  than  the  type,  that  from  station  5586  having  E=141  mm., 
r=41  mm.  The  specimen  from  station  5587,  which  is  nearest  jordani 
in  general  appearance,  has  a  relatively  smaller  disk  than  the  large 
specim^i,  and  another,  with  E=78  mm.,  from  station  5582. 

A  comparison  of  the  specimens  with  Koehler's  description  of  Ps. 
mozaicus  (1909,  p.  60,  pi.  1,  fig.  3)  indicates  that  the  principal  dif- 
ferences are  the  presence  of  superomarginal  spines  in  mozaicus^ 
fewer  central  granules  on  the  abactinal  plates,  fewer  transverse 
series  of  superomarginal  granules,  and  fewer  subambulacral  spine- 
lets.  However,  the  large  specimen  has  4  to  6  short,  sharp,  lateral 
spines  on  each  of  the  plates  of  the  interbrachium,  these  becoming 
reduced  to  2  or  8  on  the  outer  part  of  the  ray.  None  of  the  others 
show  a  sign  of  the  spines,  yet  they  appear  to  belong  to  the  same 
species. 

Koehler  writes  that  all  of  his  15  specimens  of  Ps.  mozaicus  had 
superomarginal  spines.  Moreover,  he  states  that  as  the  external  bor- 
der of  the  plate  is  approached,  the  granules  elongate  and  become 
conical  spinelets,  among  which  1,  2,  or  even  3  are  conspicuous  by 
being  longer  than  the  others.  In  the  large  specimen,  above  men- 
tioned, the  granules  do  not  gradually  become  longer,  but  there  is  an 
abrupt  transition  at  the  angle  between  the  dorsal  and  very  low 
lateral  face  of  the  plate.  In  Koehler's  figure  the  spines  are  plainly 
shown  as  being  spaced  on  the  outer  third  or  even  half  of  the  plate. 
In  his  observations  on  the  Indian  specimens  of  jordani  Koehler 
states  that  on  the  edge  of  the  plates  [outer  edge,  as  I  understand  it] 
the  granules  are  somewhat  elongated  and  occasionally  form  small 
pointed  cones.  His  largest  specimen  had  E=64  to  70  mm. ;  perhaps 
there  is  a  tendency  in  the  old  specimens  of  this  species  to  acquire 
.lateral  spines. 

The  following  differences  seems  to  separate  the  Borneo  and 
Molucca  specimens  of  jordani  from  Ps.  mozaicus  as  described  and 
figured  by  Koehler.  In  mozaicus  the  larger  abactinal  plates  have 
5.  6,  or  7  central  well-spaced  granules,  in  addition  to  20  to  26  slen- 
derer peripheral  ones;  in  jordani  there  are  8  to  15  central  granules 
on  the  larger  plates,  and  upward  of  20  in  the  largest  specimen. 
Koehler  states  that  the  granules  of  the  superomarginals  form  about 
5  transverse  series;  in  jordani  I  find  7  or  8,  and  the  series  are  not 
at  all  regular.  In  m/>zaicus  the  furrow  spines  are  generally  5; 
in  jordani  6  or  7.  Koehler  describes  the  subambulacral  spines  as 
forming  2  series  close  together  and  a  little  irregular,  with  2  to  4 
spines  in  each;  1  or  2  in  the  first  series  is  much  longer  than  the 
others.  This  would  indicate  that  the  total  number  of  spines  does 
not  exceed  8;  12  to  20  is  the  usual  number  in  jordani^  although  in 
small  specimens  it  is  less,  and  they  do  not  form  series.  Three  to  5 
enlarged  subambulacral  spines  stand  on  the  proximal,  and  2  or  8 
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on  the  distal  plates  of  the  large  specimen  of  jordani;  the  other  speci- 
mens have  2  or  3  enlarged  spines  proximally  and  1  to  3  distally. 

All  the  specimens  but  those  from  station  5582  have  a  variable 
number  of  post-adambulacral  fasciolar  pedicellariae  or  pectinate 
fascioles.     These  were  not  well  pronounced  in  the  type. 

In  conclusion  it  may  be  stated  that  the  relationship  of  Ps.  mozaicus 
to  Ps,  jordani  is  not  at  all  clear.  If  the  specimens  collected  by  the 
Albatross  are  really  all  of  one  species  they  indicate  that  the  two 
forms  approach  much  closer  than  heretofore  supposed. 

PSEUDARCHASTER  OLIGOPORUS  Fisher. 

Plate  59,  fig.  1 ;  plate  60,  fig.  3 ;  plate  91.  figs.  2,  2a. 

Pseudarchaater  oligoporua  Fisher,  1913a,  p.  625. 

Diagnosis. — ^Most  nearly  resembling  Ps.  pectinifer  Ludwig  and 
Ps.  dissonus  Fisher.  R=87  mm.,  r=21  mm.,  R=4.1  r;  breadth  of 
ray  at  base,  24  mm. ;  rays  slender,  long,  and  very  attenuate  at  the 
extremity;  side  of  ray  low,  rounded;  marginal  plates  small,  espe- 
cially distally,  where  the  superomarginals  are  confined  to  side  wall 
of  ray  and  are  longer  than  wide,  square,  or  slightly  wider  than  long; 
papular  area  restricted  to  center  of  disk,  and  petaloid  radial  areas 
extending  about  one-fourth  the  length  of  ray;  abactinal  plates  tabu- 
late on  papular  area,  the  roundish  tabula  low,  spaced,  and  bearing 
20  to  30  polygonal  granules ;  outside  of  papular  area  plates  elliptical 
or  oblong,  arranged  in  oblique  transverse  series  and  with  very  low 
tabulum,  or  distally  none ;  superomarginal  plates  with  coarse,  spaced, 
covered  granules;  inferomarginals  with  pointed,  conical,  appressed 
spinelets,  and  proximally  8  to  12  appressed  sharp  spines  in  a  zigzag 
transverse  series,  these  becoming  reduced  to  1  or  2  toward  the  ex- 
tremity of  ray ;  actinal  intermediate  plates  in  5  chevrons,  the  series 
adjacent  to  adambulacrals  extending  to  tenth  or  eleventh  infero- 
marginal,  each  plate  armed  with  1  to  3  tapering,  sharp  spines,  and 
5  to  20  short,  sharp,  spaced  peripheral  spinelets;  a  variable  number 
of  plates  adjacent  to  adambulacrals  with  the  transverse  sutures  armed 
with  f  asciolate  pectinate  pedicellariae,  the  spinelets  being  short  and 
brbad  tipped;  furrow  series  angular  with  8  or  9  short,  sometimes 
slightly  compressed,  blunt,  or  bluntly  pointed  spines,  and  1  or  2 
tapering,  pointed  subambulacral  spines,  surrounded  by  5  to  10 
shorter,  spaced,  pointed  spinelets. 

Description. — ^Abactinal  plates  medium-sized,  not  at  all  compactly 
placed,  but  distinctly  spaced.  The  papular  area  is  relatively  small, 
being  confined  to  the  center  of  disk  and  5  petaloid  radial  areas  ex- 
tending two-fifths  R,  or  one-fourth  the  length  of  ray.  Here  the 
plates  are  tabulate,  the  paxillar  crowns  being  roundish  and  spaced, 
and  arranged  in  longitudinal  and  oblique  transverse  series,  the  plates 
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decreasing  regularly  in  size  from  the  central  area  of  disk  toward  the 
margin  and  toward  the  end  of  the  ray.  Outside  the  papular  areas 
the  plates  have  scarcely  any  tabulum  and  the  crown  of  granules  is 
elliptical,  oblong,  or  irregular,  and  arranged  in  oblique  transverse 
series.  On  the  papular  area  the  longitudinal  series  of  plates  are 
perfectly  distinct,  but  outside  this  area  can  not  be  easily  traced.  An 
average  large  paxilla  of  the  radial  series  has  between  20  and  80 
polygonal  granules,  some,  but  not  all,  on  the  periphery  being  in  the 
form  of  short  spinelets. 

The  shape  of  the  abactinal  plates  varies.  On  the  papular  area 
they  are  subcircular  or  broadly  elliptical,  sometimes  with  very  slight 
peripheral  indentations.  The  low  plates  of  the  oblique  transverse 
series  outside  the  papular  areas  are  irregularly  oblong,  with  angular 
or  rounded  extremities.  In  the  midradial  region  beyond  the  papular 
ureas  the  plates  are  oval,  elliptical,  or  various  irregular  combinations 
of  these  forms. 

Superomarginals,  56  in  number,  form  a  steep,. arched  bevel  inter- 
brachially,  and  beyond  the  proximal  fourth  of  ray  are  confined  to 
the  lateral  wall,  very  nearly  the  entire  width  of  the  ray  being  occu- 
pied by  the  area  of  abactinal  plates.  The  first  8  or  9  plates  are 
wider  than  long,  the  width  gradually  decreasing  from  the  first  plate 
to  the  tip  of  the  ray,  so  that  at  the  middle  of  the  ray  the  supero- 
marginals are  only  one-half  as  wide  as  at  the  interradial  line.  From 
the  tenth  to  twenty-fifth  or  twenty-eighth  plates  the  length  equals 
or  slightly  exceeds  the  width,  while  on  the  last  fourth  the  width  is 
again  slightly  greater  than  the  length.  The  plates  are  covered  with 
slightly  spaced,  circular,  convex  granules,  considerably  coarser  than 
those  of  the  almctinal  plates,  and  a  row  of  much  slenderer  ones  sur- 
rounds the  plate.  The  grooves  between  the  plates  are  shallow,  but 
well  marked.  Terminal  plate  granular,  longer  than  wide,  slightly 
saddle-shaped,  with  3  terminal  spines. 

Inferomarginals  small,  corresponding  to  the  superomarginals,  and 
decreasing  in  width  regularly  toward  extremity  of  ray.  They  are 
a  trifle  wider  than  the  superomarginals  on  the  middle  of  the  ray,  but 
about  the  same  width  proximally  and  distally,  and  on  the  outer  half 
of  ray  are  very  small  for  this  genus,  being  only  a  little  larger  than 
the  adambulacrals.  The  side  of  the  ray  is  rather  thin  and  rounded, 
and  proximally  more  than  half  of  the  height  is  occupied  by  the 
superomarginals,  but  distally  each  series  occupies  about  half.  The 
plates  are  covered  with  spaced,  pointed,  conical,  or  thickly  fusiform 
spinelets,  the  median  area  being  occupied  by  a  transverse  zigzag 
series  of  tapering,  sharp,  appressed  spinules,  8  to  12,  proximally, 
becoming  reduced  to  1  or  2  on  the  small  distal  plates.  These  spines 
sometimes  are  most  numerous  near  the  outer  end  of  the  plate,  and 
sometimes  form  2  irregular  transverse  series. 
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Actinal  intermediate  plates  in  5  chevrons  and  an  odd  plate  adja- 
cent to  margin,  the  plates  nearest  the  furrow  being  the  largest  and 
extending  to  tenth  or  eleventh  inferomarginal,  while  the  second 
series  extends  to  the  seventh  or  eighth.  The  plates  are  armed  with 
1  to  3  tapering,  sharp  spines  about  as  long  as  the  width  of  the  plate, 
the  periphery  being  occupied  by  short,  sharp,  spaced  spinelets.  On 
the  transverse  margins  of  the  first  series  of  plates  the  spinelets  are 
stouter  and  round-tipped  and  form,  with  their  companions  of  the 
adjacent  plate,  a  pectinate  pedicellaria  over  the  suture.  These  fas- 
ciolate  pedicellariae  are  not  constant.  In  the  type  they  extend 
about  half  the  length  of  the  first  series,  but  in  the  cotype  from  the 
same  station  they  are  confined  to  the  first  few  plates.  The  proximal 
pedicellariae  have  6  or  7  spines  in  each  comb. 

Adambulacral  plates  longer  than  wide,  with  a  very  angular  furrow 
margin  bearing  8  or  9  subequal,  rather  short,  compressed,  blunt 
spines.  On  the  outer  part  of  the  ray  those  on  the  angle  of  the 
apophysis  separate  consecutive  pairs  of  tube  feet,  while  the  lateral 
numbers  have  their  broader  side  to  the  furrow  and  act  presumably 
as  protectors  of  the  underlying  feet.  There  are  1  or  2  tapering, 
pointed,  subambulacral  spines,  proximally  about  as  long  as  the  fur- 
row spines,  distally  longer,  partly  surrounded  by  5  to  10  shorter, 
bluntly  pointed,  spaced  spinelets,  which  stand  on  the  margin  of  the 
plate,  with  occasionally  1  or  2  between  the  subambulacral  and  the 
apex  of  the  furrow  angle. 

Mouth  plates  convex  actinally,  with  a  broad  median  suture. 
Furrow  spines,  8  or  9,  stout,  blunt,  very  similar  to  the  corresponding 
adambulacral  spines,  the  inner  2  or  3  being  compressed  and  slightly 
longer  than  the  others.  The  unpaired  median  mouth  spine  is  com- 
pressed, heavy  and  blunt,  and  largest  of  all.  A  series  of  9  or  10 
stout,  rather  short,  pointed  spines  follows  the  median  suture  margin 
and  another  series  of  4  or  6,  close  to  them,  continues  the  furrow 
series  along  the  lateral  suture  margin. 

Madreporic  body  small,  convex,  with  coarse  ridges,  and  situated 
a  little  nearer  center  than  margin. 

Superambulacral  plates  present.  Gonads  in  a  single  tuft  on  either 
side  of  the  interbrachial  septum. 

Type.— Cat  No.  30534,  U.S.N.M. 

Type-locality.— Stsition  6609,  Gulf  of  Tomini,  Celebes  (lat.  0°  11' 
S.;  long.  121°  16'  E.),  1,092  fathoms,  green  mud;  bottom  tempera- 
ture 36.3°  F.;  2  specimens. 

Distribution. — Known  only  from  the  Gulf  of  Tomini,  Celebes, 
1,089  to  1,092  fathoms;  bottom  temperature  36.3°  F. 

Specimens  examined. — ^Three;  besides  the  types,  1  from  station 
5608,  Gulf  of  Tomini,  1,089  fathoms,  gray  mud,  bottom  temperature 
36.3°  F. 
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Remarks. — This  abyssal  species  has  the  general  form  of  JPa.  pec- 
timfer  Ludwig  and  Ps.  cUssonus  Fisher,  from  the  east  and  north 
Pacific.  It  diflPers  in  having  longer  and  slenderer  rays,  the  distal 
portion  being  especially  attenuate;  smaller  marginal  plates;  a  very 
restricted  papular  area ;  smaller  and  distinctly  spaced  tabulate  plates 
on  the  paxillar  area,  the  others  being  low  and  not  tabulate,  and 
shorter  furrow  spines.  In  Ps.  disaonus  the  abactinal  plates  are  very 
compact  and  the  marginal  plates  are  covered  with  thickened  papilli- 
form  spinelets  so  closely  placed  that  the  outlines  of  the  plates 
are  difficult  to  discern.  The  postadambulacral  fasciolar  pedicellariae 
are  valvate  or  valvate-pectinate,  some  of  them  resembling  the  bi- 
valved  pedicellariae  of  the  Goniasterinae  and  Hippasterinae.  They 
are  of  a  very  peculiar  form,  not  to  be  confused  with  the  regular 
spiniform  pectinate  pedicellariae  of  oUgoporus.  In  disaonua  the 
proximal  adambulacral  plates  are  widely  spaced  so  that  the  inter- 
mediate plates  sometimes  come  to  lie  near  or  on  the  furrow ;  and  in 
dissorms  the  furrow  spines  are  considerably  longer  than  in  oligo- 
porm.  Over  a  considerable  portion  of  the  ray  of  oligoporus  the 
abactinal  plates  are  low  and  without  distinct  tabulum.  The  small 
papular  area  is  a  very  characteristic  feature  of  this  species. 

The  attenuate,  long  rays  and  small  marginals  will  readily  separate 
oligoporus  from  teaseUatm^  mozcdcus^  jordani,  and  rm/obrdchius. 
Pseudarchaster  roseus  (Alcock)  from  the  Laccadive  Sea,  740  fath- 
oms, is  a  long-rayed  form,  R  equaling  4  r.  Koehler  (1909,  p.  60) 
writes  that  in  the  type  there  are  no  inferomarginal  spines — merely 
granules — and  Alcock  describes  the  adambulacral  plates  as  having 
actinally  3  unequal  longitudinal  series  of  close  prismatic  granules. 
Presumably  there  are  no  enlarged  subambulacral  spines.  This  species 
was  described  as  a  Mediaster.  Koehler  states  that  it  is  a  Paeudarch- 
aster.  From  the  description  it  would  appear  to  bear  considerable 
resemblance  to  the  new  Aphroditaster  herein  described.  It  is  cer- 
tainly very  different  from  Pa.  oligoporua^  which  has  armed  infero- 
marginals  and  prominent  subambulacral  spines. 

Genus  APHRODITASTER  Sladen. 

Aphroditaster  Sladen,  1889,  p.  116.    Type,  A.  gmcilis  Sladen. 

APHBOnrrASTER  MICROCERAMUS  Ftsher. 

Plate  59»  fig.  2 ;  plate  60,  fig.  1 ;  plate  70,  fig.  5 ;  plate  91,  fig.  1. 

AphroditMter  microceramus  Fisher,  1913a,  p.  626. 

Diagnosis. — ^R=46  mm.,  r=13.5  mm.,  R=3.4  r;  breadth  of  ray  at 
midinterbrachium,  15  mm.  Disk  fairly  large,  with  open,  rounded 
interbrachia ;  rays  slender  and  pointed;  all  plates  covered  with  a 
close  tessellation  of  flat-topped  or  slightly  convex  polygonal  gran- 
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ules;  no  spines  except  on  adambulacral  and  mouth  plates;  abactinal 
area  narrower  on  rays  than  width  of  broad,  arched  superomarginals; 
abactinal  plates  compactly  placed  with  usually  6  to  8,  but  sometimes 
as  many  as  12,  polygonal  crowded  granules,  or  on  outer  part  of  ray 
3  or  4;  marginals  much  broader  than  long,  forming  a  smooth,  evenly 
rounded  margin  to  ray;  actinal  intermediate  plates  restricted  to 
disk  and  evenly  granular;  furrow  margin  slightly  convex  proxi- 
mally,  decidedly  convex  distally  with  7  to  9  short,  stubby  spinelets 
and  12  to  14  compact,  polygonal  subambulacral  granules  in  3  or  4 
longitudinal  series;  no  specialized  subambulacral  spines;  no  pedicel- 
lariae;  adambulacral  armature  resembling  that  of  Ceramdster. 

Description. — ^Area  of  abactinal  plates  narrower  on  ray  than  width 
of  superomarginal  plates  as  seen  from  above;  this  narrow  band  di- 
minishes in  width  toward  the  end  of  ray  very  gradually,  the  abactinal 
plates  reaching  the  terminal  plate.  Opposite  the  fourth  superomar- 
ginal there  are  7  longitudinal  series  of  abactinal  plates,  counting 
across  the  ray;  opposite  the  eighth,  5,  and  opposite  the  twelfth,  3. 
This  point  is  about  the  middle  of  the  ray ;  the  3  longitudinal  series 
continue  to  the  end,  the  plates  becoming  smaller  and  more  closely 
fitted  together.  Abactinal  plates  low  tabulate,  the  tabula  being  ellip- 
tical in  cross-section  and  very  much  narrower  than  the  crown  of  the 
few  relatively  large  polygonal,  compactly  placed  granules.  These 
granules  are  about  as  high  as  broad  and  wider  at  the  top  than  base. 
A  large  radial  paxilla  has  upward  of  12,  but  usually  there  are  only 
6  to  8,  with  1  or  none  occupying  the  center;  on  the  outer  part  of 
ray  there  are  generally  3  or  4,  occasionally  only  1  or  2.  The  usual 
form  for  the  paxilla  crown  is  hexagonal,  but  they  are  not  always 
symmetrical;  the  largest  are  on  the  radial  areas.  The  papulae  ex- 
tend only  to  the  fourth  superomarginal,  and  are  distributed  aU  over 
the  disk. 

The  plates  of  the  papular  areas  are  nearly  circular  in  general  out- 
line, with  6  short  blunt  lobes  by  which  they  are  in  contact,  or  slightly 
overlap.  Outside  the  papular  areas  the  carinal  plates  are  circular 
or  hexagonal,  while  the  laterals  are  longer  than  broad,  elliptical  in 
shape,  somewhat  like  half  a  hexagon. 

Superomarginals,  37  in  number,  are  wide  and  short,  encroach  con- 
spicuously upon  abactinal  area,  and  form  an  arched  border  thereto; 
the  lateral  face  is  lower  than  the  width  of  the  dorsal,  and  passes 
very  gradually  into  it.  Plates  covered  with  a  close  mail  of  mostly 
hexagonal  granules,  about  the  size  of  those  of  abactinal  plates,  in 
5  or  6  not  clearly  defined  transverse  series,  proximally,  becoming 
reduced  distally  to  4,  3,  and  2.  The  surface  of  the  plates  is  smooth 
and  the  granules  of  neighboring  plates  are  fitted  so  tightly  together 
that  no  channel  is  perceptible.  Terminal  plate,  elongate,  elliptical, 
covered  with  closely  placed  granules. 
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Inferomarginals  much  wider  than  long,  and  corresponding  to  the 
mperomarginals,  covered  with  similar  granules,  a  little  smaller  and 
nore  numerous  actinally.    No  specialized  spines. 

Actinal  intermediate  areas  small,  the  plates  in  series  extending 
from  adambulacrals  to  the  inferomarginals,  and  less  regularly  in 
series  parallel  to  the  furrow ;  that  adjacent  to  the  adambulacrals  end- 
ing opposite  the  suture  between  the  third  and  fourth  inf eromarginal ; 
the  next  series  ending  between  the  second  and  third.  There  are  6 
chevrons  altogether,  with  the  beginning  of  a  sixth,  but  no  odd  inter- 
radial  plates  in  any  of  the  chevrons.  Plates  with  a  uniform  covering 
of  granules  similar  to  those  of  the  inferomarginals,  but  not  quite  so 
dose  together. 

Adambulacral  plates  about  as  wide  as  long,  except  the  first  2  or  3, 
which  are  wider  than  long.  Furrow  margin  only  slightly  convex 
proximally,  gradually  becoming  decidedly  convex  on  the  outer  half 
of  the  ray.  Furrow  spines,  7  to  9,  usually  8,  about  half  as  long  as 
width  of  plate,  subequal,  compressed,  blunt,  the  laterals  the  heavier, 
and  with  the  side  to  furrow ;  the  central  spines  are  4-sided  in  section, 
the  narrow  sides  e?:posed.  Subambulacral  granules  polygonal,  in 
3  or  4  longitudinal  series,  the  granules  increasing  in  length  slightly 
toward  the  furrow,  and  with  flat  or  convex  tips.  There  are  12  to 
14  subambulacral  granules  and  they  are  very  similar  in  form  to  the 
adjacent  actinal  intermediate  or  inferomarginal  granules.  No  en- 
larged or  specialized  subambulacral  spines  are  present,  but  the  last 
dozen  plates  have  the  last  or  next  to  the  last  of  the  6  or  6  furrow 
spinelets  enlarged  into  a  short  clavate  spinule,  following  a  tendency 
which  is  usually  exhibited  by  the  subambulacral  spines  or  granules  of 
the  Groniasteridae — ^namely,  of  having  an  enlarged  subambulacral 
spine  on  the  outer  part  of  the  ray  even  if  none  are  present  proximally. 

Mouth  plates  narrow,  with  a  pointed,  clavate,  robust,  median,  un- 
paired tooth,  and  on  either  side  2  successively  shorter  spines.  Fol- 
lowing these,  facing  the  furrow  rather  than  the  actinostome,  is  an 
independent  series  of  5  slender,  slightly  flattened,  subtnmcate  spines, 
increasing  in  length  and  appressed  against  the  suboral  spines.  A 
series  of  8  or  9  of  the  latter  follow  the  median  suture  margin,  the 
outer  4  or  5  granuliform,  while  the  furrow  series  is  continued  along 
the  lateral  suture  by  4  or  5  granules,  2  or  3  slender  spinules  forming 
an  intermediate  series  at  the  middle  of  the  plate. 

Typ^.— Cat.  No.  30535,  U.S.N.M. 

Type-locality.— Station  5648,  Buton  Strait,  Celebes  (lat.  5°  35'  S.; 
long.  122°  20'  E.),  559  fathoms,  green  mud,  bottom  temperature 
39.2** ;  1  specimen. 

Remarks. — ^This  species  differs  from  Aphroditaster  gracilis  Sladen 
(Azores,  1,000  fathoms),  in  having  larger,  fewer,  and  more  compact 
abactinal  granules,  polygonal  in  form ;  shorter  marginal  plates  armed 
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with  flattish,  polygonal,  compact  granules  (spinelets  on  inferomir 
ginals  of  gracilis) ;  compact,  polygonal,  actinal  intermediate,  ui 
subambulacral  granules,  rather  than  spinelets;  and  in  lacking  tbe 
postadambulacral  fascioles. 

The  "  postadambulacral  fascioles "  are  identical  with  those  o: 
Psendar chaster  and  are  now  known  to  be  incipient  pedicelUriic. 
In  Pseudarchaster  they  are  in  some  species  constantly  present,  whi 
in  others  they  are  not ;  not  all  species  have  them.  In  Aphroditasie 
the  fasciolar  pedicellariae  are  not  of  generic  importance,  as  shoin 
by  their  presence  in  A.  gracilis  and  their  absence  in  the  presec: 
species. 

Aphroditaster  agrees  with  PseudarcJiaater  in  general  appeanuKt 
and  in  having  an  odd  tooth  at  the  inner  end  of  the  combined  moat: 
plates.  It  differs  in  having  a  straight  or  only  slightly  curved  furrow 
margin  to  the  adambulacral  plates,  an  even  comb  of  furrow  spinei 
and  no  specialized  or  enlarged  subambulacral  spine  or  spines.  The 
two  genera  are  very  close,  and  I  doubt  if  the  young  of  some  specie 
of  Psevdwr chaster  could  be  distinguished  generically  from  younf 
Aphroditaster. 

Genus  PARAGONASTER  Sladen. 

Paragonaster  Sladen,  1889,  p.  310.    Type,  P.  ctenipes  Sladen. 

KEY  TO  THS  SPECIES  AND  SUBSPECIES  OF  PABAOONASTEB  HEREIN  DESCBIBTO. 

a\  Proximal  plates  of  the  single  series  which  separates  the  superomargiBii« 
wider  than  long,  and  conspicuously  wider  than  the  adjacent  radial  plat** 
of  disk ;  peripheral  granules  of  the  plates  of  papular  area  smaller  thaa 
the  central  granules ;  the  two  sorts  subequal  elsewhere ;  central  grannie^ 
slightly  spaced,  not  compact ;  numerous  Inferomarginal  and  actinal  inter 
mediate  spines;  fasciolate  pedicellariae  between  nearly  all  the  adamba- 
lacral  plates hypacoiUhm,  p.  22i 

a*.  Proximal  plates  of  the  radial  series  of  ray  narrower  than  long  and  narrower 
than  the  adjacent  radial  plates  of  disk ;  peripheral  granules  of  all  tk 
abactinal  plates  smaller  than  the  central,  which  are  very  compacdv 
placed;  very  few  inferomarginal  and  no  actinal  intermediate  splw*' 
incipient  fasciolate  pedicellariae  between  the  first  few  adambulaoi 
plates  only,  rudimentary  distally stenostiohui,  p.  23^ 

PABAGONASTEB  CTEND^ES  HTPACANTHUS,  Flaber. 

Plate  70,  fig.  3 ;  plate  71,  fig.  2 ;  plate  72,  fig.  1 ;  plate  91,  figs.  9,  9a. 

Paragonaster  ctenipes  hypacanthus  Fisheb,  1913a,  p.  627. 

Diagnosis. — Closely  resembling  P.  ctenipes  Sladen,  but  differing 
in  having  more  numerous  granules  on  the  abactinal  plates,  moi^ 
numerous  and  conspicuous  inferomarginal  spinules  and  smaller  and 
more  distantly  spaced  inferomarginal  granules,  a  prominent  central 
spine  on  many  of  the  actinal  intermediate  plates,  and  proximally  i 
enlarged  subambulacral  spines.    R=88  mm.,  r=19  mm.,  R=46r; 
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breadth  of  ray  at  midinterbrachium,  22  mm. ;  at  inner  limit  of  the 
single  row  of  abactinal  plates  (distal  margin  of  fourth  superomar- 
ginal  plate)  12.5  mm.,  or  length  of  first  6.3  superomarginals  meas- 
ured on  ambitus  (varies  to  5) ;  general  form  as  in  ctenipesy  but  rays 
a  little  slenderer;  abactinal  plates  with  15  to  25  central  and  25  to  80 
peripheral  granules,  which  are  slenderer  on  the  papular  areas;  distal 
carinal  plates  of  disk  with  upward  of  40  central  and  85  to  45  pe- 
ripheral granules;  inferomarginal  plates  with  proximally  6  to  10 
appressed  sharp  spinules,  reduced  to  8  or  4  at  middle  of  ray,  then  2, 
a  single  spinule  persisting  to  near  end  of  ray ;  furrow  spines  7  or  8, 
continued  along  the  transverse  margins  as  smaller  interlocking 
spinelets;  subambulacral  spines  prominent,  slender,  tapering,  sharp, 
proximally  2,  distally  1 ;  in  small  specimens  1  throughout. 

Description. — P.  ctenipes  was  described  from  a  comparatively 
small  specimen  (K  48  mm.).  A  comparison  of  an  equal-sized  ex- 
ample of  hypacanthus  with  Sladen's  figure  of  P.  ctenipes  (1889,  pi. 
51,  figs.  5  and  6)  shows  that  the  latter  is  of  stouter  build  with  slightly 
broader  superomarginal  plates,  especially  interbrachially.  The 
abactinal  area  circumscribed  by  the  marginal  plates  is  arcuate  pen- 
tagonal, the  amount  of  indentation  being  variable,  but  slight. 
Abactinal  plates  with  more  numerous  granules  than  in  ctenipes.  A 
median  radial  plate  about  halfway  from  the  primary  radial  to  base 
of  ray  has  about  25  to  30  peripheral  and  15  to  25  central  granules, 
much  the  same  shape  as  in  ctenipes^  but  on  the  radial  papular  area 
the  marginal  granules  are  much  slenderer  than  the  central.  On  the 
*  center  of  disk  and  a  narrow  interradial  area  the  marginal  granules 
are  as  in  Sladen's  figure  (pi.  58,  fig.  1).  The  number  of  granules 
increases  from  the  primary  radial  to  the  rectangular  plates  separat- 
ing the  superomarginals  and  then  gradually  decreases  along  the  ray. 
The  2  or  3  plates  preceding  the  rectangular  carinals  have  35  to  45 
rather  slender  peripheral  granules  and  upward  of  40  larger  roimd, 
truncate,  spaced  ones.  In  medium-sized  and  relatively  small  speci- 
mens the  number  is  not  greatly  reduced.  A  specimen  from  station 
5420,  about  the  size  of  Sladen's  type  of  ctenipes^  has  23  central  and 
28  peripheral  granules  on  a  primary  radial  plate.  The  lateral  plates 
decrease  gradually  in  size  toward  the  margin,  and  those  of  the  cen- 
ter of  disk  are  a  trifle  smaller  than  the  radial  plates.  All  the 
abactinal  plates  are  distinctly  tabulate,  although  the  tabulum  is  low. 

Papulae  absent  from  the  ray,  center  of  disk,  and  a  narrow  inter- 
radial band;  present,  in  sixes  about  each  plate,  forming  a  broadly 
oval  radial  area,  reaching  nearly  to  interbrachial  septum.  Plates  of 
papular  areas  with  6  short  lobes  by  which  they  touch,  the  lobes 
decreasing  in  size  as  the  distal  carinal  plates  of  the  di^  broaden. 
The  other  plates  of  disk  are  roundish  or  slightly  hexagonal  and 
closely  fitted  together;  those  of  the  ray  are  rectangular. 
13434— Bull.  100—19 16 
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The  superomarginals,  44  to  the  ray  in  the  type,  are  all  broader 
than  long,  as  in  ctempesj  the  fourth  or  fifth  being  the  widest,  beyond 
which  they  very  gradually  decrease  in  breadth,  being  separated  by 
but  a  single  series  of  fiat  granulose  plates,  wider  than  long  for  about 
half  the  ray,  and  square  or  slightly  longer  than  wide  on  the  outer 
half.  There  are  56  to  63  of  these  plates  in  the  2  largest  specimens, 
and  they  vary  from  a  trifie  less  to  a  shade  more  than  half  as  wide 
as  the  adjacent  superomarginal.  The  granules  are  spaced  more  than 
their  width  and  are  similar  to  those  of  the  superomarginals.  The 
superomarginal  granules  are  rather  deciduous,  truncate,  roundish, 
and  spaced  one-half  to  decidedly  more  than  their  own  diameter, 
especially  distally.  One  can  count  8  to  10  granules  in  the  length  of 
a  plate,  not  including  the  very  regular  peripheral  series  bounding 
the  narrow  well-marked  groove  between  the  plates.  Terminal  plate 
obovate,  granular. 

The  inferomarginals  correspond  to  the  superomarginals  and  on 
the  rays  are  narrower.  Beyond  the  third  or  fourth  plates  they  are 
in  contact  with  the  adambulacrals,  and  13  of  the  latter  correspond 
to  10  inferomarginals  at  the  middle  of  the  ray.  The  plates  are  cov- 
ered with  small  granules,  rather  widely  spaced  on  the  inner  third  of 
the  plate;  and  judging  by  Sladen's  figure  (pi.  63,  fig.  2),  much 
smaller,  more  spaced,  and  less  squamiform  than  in  ctenipes.  The 
granules  are  shorter  in  proportion  to  the  width  and  in  form  are 
somewhat  thimble  shaped,  the  ends  being  sometimes  swollen.  The 
plates  have  6  to  10  slender,  sharp  spinules  arranged  in  a  zigzag  series 
or  2  irregular  series  the  whole  width  of  the  plate  and  decreasing* 
slightly  in  length  from  the  inner  to  outer  sides  of  the  plate.  They 
are  two-thirds  to  about  the  length  of  the  outer  end  of  the  first  plates 
and  decrease  in  number  distad,  there  being  3  or  4  at  the  middle 
of  ray,  then  2,  a  single  spinule  persisting  to  near  the  end  of  the 
ray.  As  they  are  very  deciduous,  their  presence  on  the  outer  part 
of  the  ray  can  be  detected  usually  only  by  the  scar.  These  spinules 
are  more  numerous  and  conspicuous  and  are  distributed  much  farther 
along  the  ray  than  in  ctetdpes. 

Actinal  interradial  areas  increasing  in  size  with  age;  in  the  largest 
specimens  the  plates  extend  aborally  3.5  to  4.5  inferomarginals,  and 
there  are  5  chevrons,  without  an  odd  interradial  plate  at  the  apex. 
Plates  covered  with  uniform  spaced,  small,  clavate,  papilliform 
spinelets  bent  toward  the  margin.  Nearly  all  the  plates  of  the  2 
chevrons  nearest  the  furrow,  and  a  variable  number  in  the  other  3 
also  (sometimes  nearly  all,  sometimes  2  or  3  only)  bear  a  slender, 
sharp,  appressed  spinule  directed  toward  the  margin.  These  are 
usually  absent  in  specimens  in  which  R  is  less  than  50  nna.  The 
spinules  are  absent  in  P.  ctenipes^  but  the  type  is  smaller  than  any 
specimen  of  hypacanthvs^  which  has  them  well  developed. 


Digitized  by  VjOOQIC 


STARFISHES  OF  THE  PHILIPPINE  SEAS.  231 

Adambulacral  plates  similar  to  those  of  ctenipes^  but  narrower, 
those  of  the  disk  being  about  as  wide  as  long,  except  the  first  3  or  4, 
which  are  increasingly  wider  than  long  as  the  mouth  is  approached. 
On  the  outer  part  of  ray  the  plates  are  longer  than  broad.  Furrow 
spines  7  or  8,  the  laterals  round  tipped  with  fiat  side  to  furrow,  the 
1  or  2  mesial  spines  with  the  edge  thereto,  as  in  ctenipea.  The  trans- 
verse margins  of  the  plate  are  armed  with  5  to  8  subterete  spinelets, 
sometimes  slightly  compressed  near  the  furrow,  interlocking  with 
those  of  the  next  plate  over  the  suture.  On  the  ray  this  number  is 
reduced  to  2  or  3  (occasionally  upward  of  5),  and  they  do  not  inter- 
lock. The  large  specimens  have  proximally  2,  rarely  8,  prominent, 
tapering,  sharp  spines,  about  as  long  or  a  little  longer  than  the  plate, 
arranged  in  a  transverse  series.  On  the  distal  half  of  ray  there  is 
but  1  to  a  plate.  Five  to  8  or  9  small  spinelets,  like  those  of  the 
actinal  intermediate  plates,  are  scattered  on  the  surface.  Specimens 
having  B  less  than  60  mm.  usually  have  but  1  subambulacral  spine, 
though  occasionally  2  proximally. 

The  mouth  plates  are  substantially  as  described  by  Sladen  for 
P.  ctenipeSj  but  there  is  an  odd  tooth  at  the  inner  end  of  the  com- 
bined mouth  plates,  which  he  probably  overlooked,  as  it  is  not  so 
prominent  as  in  Pseudarefiaster. 

Midreporic  body  surrounded  by  7  or  8  plates,  larger  than  the  adja- 
cent basal  plater,  and  situated  halfway  between  center  of  disk  and 
inner  edge  of  superomarginals;  ridges  relatively  few,  irregular, 
slightly  branched,  and  radiating  from  center. 

Anatomical  notes. — ^Hepatic  coeca  short,  confined  to  disk;  stomach 
with  one  chamber;  intestinal  coeca  8  or  9  parted,  the  lobes  short, 
irregular,  sublanceolate  in  form,  with  slight  marginal  lobules. 
Gonads  in  a  single  tuft,  on  either  side  of  the  membranous  inter- 
brachial  septa  near  the  margin.  Superambulacral  plates  elliptical, 
closely  superimposed  on  the  actinal  intermediate  plates  and  only 
touching  the  ambulacral  ossicles.  They  are  about  half  as  long  as  the 
lower  end  of  the  ambulacral  plates,  are  covered  with  tissue,  are 
invisible  unless  treated  with  caustic  potash,  and  do  not  extend  beyond 
the  fourth  inferomarginal. 

Typ^.— Cat.  No.  30536,  U.S.N.M. 

Type-locality. — Statign  6273,  off  western  Luzon,  27  miles  south- 
west Corregidor  Light,  114  fathoms,  mud,  shells,  and  coral  sand; 
1  specimen. 

Distribution. — From  Lingayen  Gulf,  west  coast  Luzon,  to  Cebu 
and  Bohol,  Philippine  Islands,  114  to  172  fathoms,  on  green  mud, 
gray  mud,  sand  and  mud,  and  globigerina.  Temperature  range,  52.3** 
to  69°. 

Specimens  examined. — Thirty-three,  in  addition  to  the  type. 
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Station. 

Locality. 

Depth. 

Nature  of 
bottom. 

No. 

Bottom 

temper*. 

tare. 

5H7 

Balayan  Bay,  southern  coast  Luzon 

Ofl  western  Bohol,  22  miles  north  Baliscasag  Island. . 
Batangas  Bay,  Luzon 

onu. 
118 
174 
135 
146 
162 
150 
165 

175 
127 
172 

2 
3 

•J. 

6197 
5265 

Green  mud.... 
Sand,  mud 

do 

do 

Gray  mud, 
sand. 

Green  mud.... 

54.3 

Mil 

Between  Cebu  and  Bohol 

55.2 

5412 

do 

54.  S 

5416 

do 

54.4 

5J17 

do 

54.4 

5419 

do 

54.5 

&120 

do 

59 

5440 

Mouth  of  Lingayen  Gulf,  west  coast  Luzon 

Fine    gray 
sand,  globi- 
gerlna. 

52.3 

Remarks. — Paragonaster  ctenipes  was  dredged  by  the  ChaUenger 
in  the  Arafura  Sea  between  the  Ki  Islands  and  Banda  Islands,  in 
140  fathoms,  blue  mud.  Although  no  intergrading  forms  between 
it  and  hypacanthvs  have  been  found,  the  very  close  similarity  be- 
tween the  two  seems  to  indicate  a  conspecific  relationship.  At  the 
same  time,  in  spite  of  minor  variations,  the  special  characters  of 
hypacarvthus  are  constant  in  mature  examples,  over  a  considerable 
geographical  area. 

PARAGONASTER  STENOSTICHUS  Fisher. 

Plate  60,  fig.  2 ;  plate  70,  fig.  2 ;  plate  71,  fig.  1 ;  plate  9t,  f^  10, 10a. 
Paragonaster  stenoatichus  Fisher,  1913a,  p.  627. 

Diagnosis, — Differing  from  P,  ctenipes  in  having  the  abactinal 
plates  of  slender  portion  of  ray,  narrower  than  long,  and  proxi- 
mally  narrower  than  the  adjacent  radial  plates  of  disk,  instead 
of  broader;  in  having  more  numerou.s,  crowded,  and  coarser  central 
granules,  and  slenderer  peripheral  granules;  and  in  having  nar- 
rower adambulacral  plates,  lacking  the  characteristic  f  asciolate  pedi- 
cellaria  of  ctenipes,  except  in  a  less  specialized  form  on  the  first 
few  plates.  E=45  mm.,  r=12.5  mm.,  R=3.6  r;  breadth  of  ray  at 
midinterbrachium,  14  mm.;  at  distal  margin  of  fourth  superomar- 
ginal  (the  proximal  end  of  the  slender  portion  of  ray),  8  mm.,  or 
length  of  first  5.5  superomarginals  measured  on  ambitus. 

Description. — Abactinal  area  pentagonal  or  arcuate  pentagonal: 
abactinal  plates  comparatively  large,  all  strfingly  tabulate  and  pax- 
illiform,  arranged  very  regularly  in  close-set  rows  parallel  to  the 
radial  series,  and  also  in  series  proceeding  obliquely  from  the  radial 
series  to  margin.  Radial  plates  the  largest,  increasing  slightly  in 
size  distad  up  to  the  point  where  the  adradial  series  end,  and  only 
the  radials  separate  the  superomarginals.  Here  they  become  nar- 
rower, longer  than  wide  and  continue  to  decrease  very  gradually 
in  size  to  the  end  of  ray.  Moreover,  these  plates  are  slightly  tabu- 
late, proximally,  with  a  well-defined  groove  separating  them  from 
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the  marginals,  and  the  granules  of  the  slightly  convex  crown  are 
similar  to  those  of  the  radial  plates  of  the  disk,  although  the  crown 
itself  is  of  different  form,  being  oblong  or  elliptical.  In  P.  etempea 
and  P.  ctetdpes  hypacanthus  the  radial  plates  of  the  ray  are  abruptly 
wider  than  those  of  adjacent  portion  of  disk,  always  conspicuously 
wider  than  long  proximally,  flat,  not  at  all  tabulate,  and  are  covered 
with  ^aced,  small  granules,  precisely  like  those  of  the  abactinal 
plates.  The  paxillar  crowns  on  disk  are  subhexagonal  to  roundish, 
slightly  convex,  and  in  the  radial  series  have  18  to  25  close-set, 
coarse,  irregularly  polygonal  central  granules  and  20  or  25  much 
smaller,  slenderer,  unequal  peripheral  ones,  usually  in  the  form  of 
tiny  spinelets.  Near  the  margin  the  central  granules  are  reduced 
to  5,  6,  7,  or  even  to  2  or  8  on  plates  adjacent  to  the  marginals. 
The  primary  basal  plate  adjacent  to  the  madreporic  body  is  the 
largest  on  disk  and  has  35  or  40  central  granules. 

Papulae  restricted  to  oval  or  subcircular  radial  areas,  not  reach- 
ing the  beginning  of  narrow  part  of  ray.  The  plates  of  the  radial 
areas  are  strongly  stellate  with  6  pointed  lobes  which  touch  those 
of  the  neighboring  plates.  The  other  abactinal  plates  are  roundish 
to  subhexagonal  and  rather  tightly  fitted  together. 

Superomarginals  28,  massive,  well-arched,  and  tumid  on  disk, 
slightly  tumid  on  ray,  all  wider  than  long,  increasing  in  width  as 
well  as  in  length  up  to  the  fourth  and  fifth,  thence  decreasing  very 
gradually  in  width,  and  even  less  rapidly  in  length  up  to  end  of  ray. 
In  the  type  the  superomarginals  from  the  fifth  plate  on  are  separated 
only  by  the  radial  series  of  abactinals;  in  small  specimens  from  the 
third  on.  Width  of  first  plate  equal  to  length  of  first  3  measured  on 
ambitus.  The  lateral  face  of  plates  is  low,  half  or  less  than  half  the 
width  of  dorsal  facet,  the  margin  of  the  ray  and  disk  being  evenly 
rounded,  and  owing  to  the  slight  tumidity  of  the  plate,  each  is  very 
distinct,  the  ray  appearing  constricted  at  the  transverse  sutures,  or 
'cmgulate,"  as  if  the  ray  were  jointed.  This  is  especially  marked 
m  small  specimens.  Plates  covered  with  closely  placed,  polygonal, 
rather  coarse  granules,  about  the  size  of  those  on  center  of  abactinal 
plates,  the  peripheral  series  being  considerably  smaller,  quite  regular, 
and  truncate.  On  the  first  plate  7  granules  can  be  counted  from 
one  transverse  margin  to  the  other,  including  the  peripheral  series ; 
these  increase  to  10, 11,  or  12  on  the  fifth  and  a  few  succeeding  plates. 
Terminal  plate  rather  small,  obovate,  or  chordate,  granulate. 

Inferomarginals  corresponding  to  superomarginals,  the  first  2  very 
wide,  equaling  the  length  of  first  3.5  plates  measured  on  ambitus; 
beginning  with  the  third  they  decrease  very  rapidly  in  width  until 
at  the  seventh  or  eighth  they  are  only  as  wide  as  long,  retaining  ap- 
proximately these  proportions  to  the  end  of  the  ray.  Sometimes  the 
distal  plates  are  slightly  longer  than  wide,  especially  in  small  ex- 
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amples.  The  plates  are  slightly  tumid,  arched,  and  form  an  evenlj 
rounded  margin  to  the  actinal  area,  as  much,  or  more,  of  the  plate 
facing  laterally  as  ventrally  on  the  ray.  Plates  covered  with  com- 
pact granules,  subquamiform  ventrally.  In  addition  to  these  the 
plates  of  first  third  or  half  of  ray  bear  on  their  inner  or  lower  half 
or  third  2  or  3  short  appressed  lanceolate  spinules,  2  or  3  times  as 
long  as  the  granules,  and  arranged  in  a  transverse  series  or  in  a 
group,  these  becoming  reduced  soon  to  but  a  single  spinule.  Ten 
inferomarginals  at  middle  of  ray  correspond  to  14  adambulacrak 

Actinal  interradial  areas  rather  small,  the  plates  adjacent  to  adam- 
bulacrals  much  the  largest  and  extending  to  middle  of  third  inf ero- 
marginal.  The  first  plate  extends  nearly  halfway  from  outer  end  of 
mouth  plate  to  inner  edge  of  marginals,  about  3  irregular  chev- 
rons filling  in  this  remaining  space;  no  sign  of  an  odd  interradial 
series.  Plates  covered  with  papilliform,  spaced  spinelets,  about  the 
length  of  the  inferomarginal  granules  but  less  flattened  and  quami- 
form.  On  the  interradial  suture,  between  the  2  plates  adjacent  to 
outer  end  of  mouth  plates,  is  a  f  asciolate  pedicellaria  with  8  to  10 
shorter,  tapering,  blunt  spinelets  in  each  of  the  closely  juxtaposed 
combs. 

Adambulacral  plates  as  wide,  or  only  a  trifle  wider,  than  long, 
with  an  angular  furrow  margin,  but  up  to  about  the  fifth  the  aboral 
facet  of  the  angle  is  so  much  longer  than  the  adoral  that  the  apex 
is  close  to  the  proximal  edge  of  the  plate,  and  the  comb  of  7  or  8 
slightly  flattened  round-tipped  furrow  spines  is  largely  oblique. 
Beyond  the  fifth  plate  the  apex  is  near  but  not  quite  at  the  middle, 
and  the  furrow  comb  is  palmate,  the  median  spines  being  slightly 
compressed,  while  the  others  are  nearly  terete  or  slightly  flattened 
with  side  to  furrow,  and  decrease  in  length  regularly  to  the  lateral 
spines,  which  are  only  one-third  to  one-half  the  length  of  the  mesial. 
Subambulacral  spinelets  terete  or  swollen,  blunt,  12  to  15,  and  in- 
creasing in  length  from  the  outer  edge,  where  they  are  subequal  to 
the  actinal  intermediate  spinelets,  to  a  row  or  group  of  3  to  6  spaced 
from  the  furrow  spines  and  one-half  to  two-thirds  the  length  of  the 
mesial.  Near  the  outer  side  of  the  plate  is  a  stout,  sharp,  tapering 
subambulacral  spine  a  little  longer  than  the  mesial  furrow  spine 
and  directed  toward  the  margin. 

Mouth  plates  narrow,  with  a  prominent  angle  at  mouth  of  furrow, 
the  margin  toward  the  furrow  being  concave  and  having  5  or  6 
spines  decreasing  slightly  in  length  toward  the  angle  above  men- 
tioned. The  other  facet,  facing  the  actinostome,  bears  2  or  3  addi- 
tional spines  which  continue  the  series  and  increase  in  size  to  the 
median,  odd,  stout,  terete,  bluntly  pointed  tooth.  About  10  slender 
terete,  blunt  spines  follow  the  median  suture  margin  and  decrease 
in  length  as  they  proceed  outward,  the  outer  3  or  4  spines  sometimes 
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meeting  those  opposite,  and  forming  an  incipient  f asciolate  pedicel- 
laria.  Two  or  three  additional  spines  form  an  intermediate  series 
near  the  middle  of  plate.  About  6  small  spines  stand  on  the  margin 
adjacent  to  first  adambulacral,  and  form  an  incipient  f asciolate  pedi- 
oeUaria  with  the  adjacent  adambulacral  spines. 

Madreporic  body  small,  with  coarse  ridges  and  overhung  by  8  to 
5  paxillae.  It  is  situated  about  halfway  between  center  and  inner 
margin  of  superomarginal  plates. 

Gonads  well  developed,  in  a  single  tuft,  on  either  side  of  inter- 
brachial  septum  near  margin. 

Type.— Cat.  No.  30587,  U.S.KM. 

Type-locality.— Station  5289,  Verde  Island  Passage,  north  coast  of 
Mindoro,  172  fathoms,  broken  shells,  sand;  7  specimens. 

Distribution. — Known  only  from  Verde  Island  Passage,  between 
Luzon  and  Mindoro,  172  to  198  fathoms. 

Specimens  examined. — ^Eight;  7  from  type-locality  and  1  from 
station  5297,  Verde  Island  Passage,  off  Batangas  Bay,  Luzon,  198 
fathoms,  mud,  sand. 

Remarks. — ^This  species  is  readily  distinguished  from  P.  ctenipes 
Kypacanthus  by  the  shorter,  stouter  rays;  narrower  radial  plates  of 
the  ray ;  by  the  higher  plates  of  the  extra-papular  areas,  and  by  the 
peripheral  granules  of  the  same  being  uniform  with  those  of  the 
papular  areas;  by  the  slightly  tumid  marginals  with  their  compactly 
placed  granules;  by  the  fewer  and  more  restricted  inferomarginal 
spinules,  absence  of  actinal  intermediate  spines,  and  interadambulac- 
ral  fasciolar  pedicellariae  (except  on  a  few  proximal  plates).  The 
saperomarginals  and  interbrachial  inferomarginals  are  broader  in 
P,  stenostichus^  and  the  granulation  throughout  much  more  compact. 

The  very  narrow  radial  series  of  plates  on  the  ray  is  one  of  the 
most  striking  features  of  this  species.  P.  formosus  Verrill  has  lower 
and  smaller  abactinal  plates  with  much  fewer  and  coarser  granules, 
especially  in  the  peripheral  series,  and  the  marginal  granules  are 
fewer,  coarser,  and  less  compact.  The  same  differences  will  separate 
P.  subtilis  Perrier.  P.  strictus  and  P.  dongatua  Perrier  are  closely 
related  to  P.  suhtUus.  P.  cyUndraiiua  Sladen  has  narrow  radial 
plates  on  the  ray,  but  in  proportion  to  the  breadth  of  the  superomar- 
ginals  they  are  wider  than  in  atenoatich/us.  In  cyUndratus  the 
adambulacral  furrow  margin  is  less  strongly  angular,  the  special 
subambulacral  spine  or  spines  much  smaller  and  nearer  the  furrow, 
and  the  inferomarginal  spines  more  numerous. 

Genus  PERISS060NASTER  Fisher. 

Perissogonaster  Fisheb,  1913a,  p.  628.    Type,  P.  itisignis  Fisher. 
Diagnosis. — ^Differing  from  Paragonaster  in  having  an  odd  inter- 
radial  marginal  in  both  series,  and  an  incomplete  odd  interradial 
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series  of  actinal  intermediate  plates ;  papulae  distributed  all  over  disk 
and  as  far  along  radii  as  the  adradial  plates  extend. 

This  curious  genus  bears  about  the  same  relation  to  PardgoTunter 
that  Prionaster  bears  to  Gomopeoten^  or  Pectimdiscus  to  Cterwdiscw, 
In  all  the  characters  except  those  mentioned  in  the  diagnosis  it  is 
essentially  similar  to  Pardgonaster. 

PERISSOGONASTER  INSIGNIS  Fisher. 

Plate  73,  fig.  1 ;  plate  74,  fig.  2 ;  plate  91,  figs.  8,  So. 
Perissogonaster  insignis  Fisher,  1913a,  p.  628. 

Diagnosis, — Similar  in  general  appearance  to  a  Pceragonaster^ 
with  unusually  large  disk,  stout  rays,  and  the  adradial  plates  ex- 
tending in  large  specimens  a  third  to  two-fifths  length  of  ray. 
R=113  mm.,  r=35  mm.,  E=3.2  r;  breadth  of  ray  at  midinter- 
brachium,  40  mm.,  thence  tapering  gradually  to  the  bluntly  pointed 
extremity;  interbrachia  wide  and  arcuate;  superomarginals  37  to  42, 
broader  than  long,  and  increasing  slightly  in  width  up  to  the  tenth 
or  twelfth,  and  beyond  the  eighth  to  seventeenth  separated  only  by 
the  rectangular  carinal  plates;  odd  interradial  plate  similar  to  the 
rest;  plates  covered  with  depressed,  roundish,  convex,  slightly  spaced 
granules,  the  outer  end  being  armed  with  an  inconspicuous,  short,  ap- 
pressed,  slender,  sharp  spine  extending  nearly  to  end  of  ray ;  inf  ero- 
marginals  narrower  on  outer  two-thirds  of  ray  than  superomargin- 
als and  covered  with  conical  granules;  in  addition  to  these,  proxi- 
mally  6  to  10  and  distally  2  to  4  slender,  sharp,  appressed  spines, 
either  scattered  or  in  1  or  2  transverse  series;  abactinal  plates'pax- 
illiform,  with  compact  subhexagonal  crowns,  very  regularly  ar- 
ranged in  series  parallel  to  the  radial ;  an  average  radial  plate  with 
9  to  12  roundish  or  slightly  polygonal,  spaced,  central  granules  and 
20  to  25  flattened,  truncate,  oblong,  or  slightly  tapered,  smaller 
peripheral  ones,  these  numbers  increasing  on  the  distal  carinal  plates 
and  decreasing  on  the  dorsolaterals;  papulae  distributed  all  over 
dorsal  surface  as  far  distad  as  there  are  more  than  1  series  of 
abactinal  plates ;  actinal  intermediate  plates,  each  with  an  appressed, 
sharp  spine;  adambulacral  plates  with  an  angular  but  not  very 
salient  furrow  margin  bearing  6  or  7  short,  blunt  spines ;  subambu- 
lacral  spines  1  or  2,  sharp,  appressed,  surrounded  by  5  to  8  elongate, 
subconical  granules,  in  addition  to  3  or  4  on  outer  margin,  and  3  to  (> 
on  each  transverse  margin,  the  latter  often  forming  a  fasciolate 
pedicellaria  over  the  suture. 

Description. — ^The  rays  taper  somewhat  arcuately  from  the  mid- 
interbrachium  and  in  form  are  more  like  those  of  PsevdarcJiaster 
than  the  usual  very  attenuate  condition  of  PoTdgonaster.    Area  of 
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abactinal  plates  broadly  stellate,  or  in  small  specimens  stellato- 
pentagonal.  All  abactinal  plates  tabulate  and  paxilliform,  with 
compact  subhexagonal  crowns  arranged  in  regular  series  parallel 
to  the  median  radial,  and  decreasing  gradually  in  size  along  oblique 
series  extending  from  the  radii  to  the  margin.  Distally  the  radial 
plates  become  conspicuously  broader,  rectangular,  the  width  de- 
creasing much  more  rapidly  than  the  length,  so  that  the  plates, 
which  are  broader  than  long,  or  square,  at  the  beginning  of  the 
attenuate  portion  of  ray,  become  distally  ordinarily  considerably 
longer  than  wide.  The  series  of  plates  parallel  to  the  median  radial 
are  successively  shorter,  proceeding  from  the  carinal  series  outward, 
so  that  beyond  the  ei^th  to  eighteenth  superomarginal  plates  (not 
counting  the  odd  one)  the  latter  are  separated  only  by  the  single 
series  of  rectangular  plates  covered  with  low  convex,  roundish, 
slightly  spaced  granules,  uniform  with  those  of  the  superomarginals. 
A  carinal  plate  from  near  the  primary  radial  has  9  to  12  roundish 
or  slightly  polygonal  spaced  central  granules  and  20  to  25  flattened, 
truncate,  oblong,  or  slightly  tapered  smaller  peripheral  ones  ar- 
ranged with  considerable  regularity  and  ordinarily  longer  than 
broad.  On  the  outer  end  of  the  -series,  just  before  the  adradial 
plates  end,  the  central  granules  are  25  to  30  and  the  peripheral  about 
35  and  similar  to  the  central.  On  the  lateral  plates  the  number  of 
central  granules  decreases  from  about  8  or  9  on  the  proximal  adra- 
dial plates  to  3  to  6  near  the  margin,  the  smaller  number  being  on 
plates  near  the  interradius. 

Papulae  distributed  all  over  the  abactinal  surface  and  as  far 
along  ray  as  there  are  more  than  1  series  of  abactinal  plates.  The 
abactinal  plates  are  circular,  with  6  regular  shallow  indentations, 
and  touch  by  the  very  short,  broad  truncate  lobes.  Near  the  margin 
the  lobes  are  a  little  more  pronounced. 

Marginal  plates  with  an  odd  interradial  in  both  series,  similar  in 
form  and  size  to  the  others,  though  occasionally  a  trifle  longer  than 
'  the  2  immediately  adjacent.  The  superomarginals  form  a  bevel  and 
have  a  very  low  lateral  face.  The  width  increases,  or  has  the  appear- 
ance of  increasing  slightly  up  to  about  the  eighth  or  tenth  plates 
(according  to  size)  and  from  that  point  very  gradually  decreases, 
all  the  plates  being  wider  than  long.  The  length  of  the  plates  very 
gradually  increases  up  to  the  tenth  or  twelfth,  and  then  as  gradu- 
ally decreases.  The  width  of  the  odd  plate  equals  its  own  length  plus 
that  of  the  first  3  superomarginals,  measured  on  ambitus.  Supero- 
marginals 37  to  42  to  the  jay  in  large  specimens.  The  plates  are 
covered  with  roundish,  depressed,  convex,  slightly  spaced  granules 
about  the  size  of  the  central  paxillar  granules,  and  uniform  on  the 
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abactinal  surface,  but  becoming  a  trifle  longer  on  the  lateral.  Prox- 
imally  5  or  6  granules  can  be  counted  in  the  length  of  the  plate,  this 
increasing  to  9  or  10.  In  addition,  the  plate  is  surrounded  by  a  regu- 
lar series  of  considerably  smaller  granules,  and  on  the  outer  end  of 
the  plate  is  a  slender,  sharp,  appressed,  inconspicuous  spine,  one- 
third  to  one-half  as  long  as  the  plate,  and  persisting  for  two-thirds 
to  three-fourths  the  length  of  ray.  The  base  is  swollen,  and  the 
distal  portion  abruptly  slenderer.  Two  smaller  specimens  from  sta- 
tions 5118  and  5363,  having  B  66  mm.,  lack  this  spine,  which  is  also 
usually  absent  from  the  odd  plate  and  the  first  2  or  3  plates  of  each 
ray.    Terminal  plate  obovate,  granulate. 

Inferomarginals,  corresponding  to  superomarginals,  of  about  the 
same  width  in  interbrachium,  but  much  narrower  on  the  ray,  those 
of  the  distal  half  or  third  of  ray  being  either  slightly  wider  than 
long  or,  in  a  specimen  from  station  5537,  slightly  longer  than  wide. 
They  are  rather  evenly  arched  from  the  inner  to  outer  margin  and  are 
covered  with  slightly  spaced,  conical  or  acorn-shaped  granules,  a 
trifle  larger  than  those  of  the  superomarginals,  the  marginal  series 
being  a  little  smaller  and  the  fasciolar  channels  very  narrow  and 
shallow.  The  proximal  plates  h^ve  6  to  10  slender,  appressed  spines, 
similar  to  the  superomarginal  spines,  and  scattered  from  the  inner 
margin  to  the  lateral  face  of  the  ray  or  in  1  or  2  fairly  definite  series, 
the  number  decreasing  gradually  to  2  to  4  on  the  outer  part  of  the 
ray,  or  1  in  smaller  specimens,  the  last  half  dozen  plates  usually 
lacking  the  spinule.  The  marginal  spines  are  always  appressed  flush 
with  the  surface  of  the  plate,  often  lying  between  the  granules.  In 
many  cases  they  taper  evenly  to  a  sharp  point  without  being  con- 
stricted about  the  base. 

Actinal  intermediate  areas  large,  the  plates  elongate,  in  irregu- 
lar series  extending  from  adambulacral  to  marginal  plates,  and  reach- 
ing distad  as  far  as  the  ninth  inf eromarginal  of  type.  Corresponding 
to  the  unpaired  inferomarginal  there  are  2  series,  the  inner  end  of 
each  abutting  against  the  third  adambulacral.  Inclosed  between 
the  two  are  a  couple  of  incomplete  (short)  series  opposite  the  second 
adambulacrals,  these  in  turn  inclosing  a  longer  and  incomplete  un- 
paired series.  The  latter  is  irregular,  and  proceeds  from  the  meet- 
ing point  of  2  plates,  one  back  of  each  first  adambulacral  plate.  In 
the  type  this  unpaired  actinal  intermediate  series  reaches  to  within 
2  plates  of  the  margin,  the  outer  end  being  crowded  between  the 
outer  ends  of  the  2  series  which  extend  from  each  third  adambulacral 
to  the  unpaired  inferomarginal.  Plates  low,  and  covered  with  sub- 
conical,  rather  irregular,  skin-covered  granules  which  become  slen- 
derer on  drying;  and  with  a  central  appressed  sharp  spinule  similar 
to  the  inferomarginal  spinules. 
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Adambulacral  plates  with  a  slightly  angular  furrow  margin,  bear- 
ing 6  or  7  short,  blunt,  robust  spines,  the  mesial  often  slightly  com- 
pressed, the  others  irregularly  4-sided  in  section  and  stouter.  The 
distal  edge  of  the  comb  is  convex.  Along  the  transverse  margin  of 
the  plate  are  3  to  6  short  granules,  often  pressed  against  their  fellows 
of  the  adjacent  plate.  One  or  2  sharp  tapering  appressed  spines, 
similar  in  form  and  ^ize  to  those  of  the  actinal  intermediate  plates, 
stand  on  the  actinal  surface,  surrounded  by  5  to  8  elongate  sub- 
conical  granules,  or  short,  robust  spinelets,  with  3  or  4  spaced 
granules  on  the  outer  margin.  About  3  subambulacral  spinelets 
longer  than  the  rest  often  form  a  series  spaced  from  and  parallel 
to  furrow  series,  between  it  and  the  subambulacral  spines.  The  plates 
are  slightly  wider  than  long,  the  first  3  or  4  being  decidedly  wider 
than  long. 

Mouth  plates  narrow  with  4  or  5  short,  sharp,  furrow  spines,  in- 
creasing in>size  toward  the  median  unpaired  tooth.  Following  the 
margin  adjacent  to  first  adambulacral  plate  are  9  or  10  spines,  which 
are  soon  reduced  to  granules  on  the  outer  part  of  plate,  while  close 
to  them  about  an  equal  number  follow  the  median  suture  margin, 
becoming  enlarged  into  sharp  spines  at  the  inner  end  of  the  plate 
near  the  furrow  spines,  between  which  and  the  superficial  spines 
there  is  a  row  of  3  or  4  intermediate  spines. 

Madreporic  body  rather  small,  crowded  between  the  pedicels  of 
plates  and  nearly  hidden,  situated  a  little  over  a  third  the  distance 
from  center  to  under  edge  of  superomarginals. 

Gonads  in  a  single  tuft  on  either  side  of  the  interbrachial  septum, 
near  the  margin.  Superambulacral  plates  present,  touching  the 
lower  end  of  the  ambulacral  plates,  the  rest  of  the  plate  lying  upon 
the  actinal  intermediates. 

Type.— Cdit.  No.  30538,  U.S.N.M. 

Type-locality. — Station  5113,  Balayan  Bay,  southern  Luzon,  159 
fathoms,  dark  green  mud. 

Distribution. — ^Balayan  Bay,  Luzon,  to  Mindanao  Sea,  159  to  254 
fathoms  on  dark  green  mud;  bottom  temperature  50.2®  to  53.6®  F. 

Specimens  examined. — Six,  the  type  and  1  from  each  of  the  fol- 
lowing stations: 

Station  5116,  mouth  of  Balayan  Bay,  Luzon,  200  fathoms,  bottom 
not  recorded,  bottom  temperature  50.2®  F. 

Station  5118,  Balayan  Bay,  Luzon,  159  fathoms,  dark  green  mud. 

Station  6363,  Balayan  Bay,  180  fathoms,  bottom  not  recorded. 

Station  5530,  between  Siquljor  and  Bohol  [mistake  in  labeling,  as 
this  was  an  intermediate  haul]. 

Station  5537,  between  Negros  and  Siquijor,  254  fathoms,  green 
mud,  bottom  temperature  53.5®  F. 
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Subfamily  Gonl^sterinae  Verrill,^  1899  (extended). 

Genus  ROSASTER  Peirier. 

Rosaster  Pebbier,  1894,  p.  386.  Type,  Peniagonaster  alexandri  Perrier.-  • 
Fisher,  1911,  p.  164 ;  1913a,  p.  629. 

Nereidaster  Verbill,  1899,  p.  186.  Type,  Nymphaster  9ymholicii8  Sladen. 
[Not  Nereidaster,  Fisher,  1911d,  p.  170,  which  as  used  here  is  synony- 
mous with  Ceramaater.  I  had  not  then  seen  the  type  of  the  genus 
which  has  not  the  anatomical  characters  given  in  the  key.] 

Diagnosis. — Goniasteridae  resembling  Mediaster  in  having  internal 
supplementary  ossicles  connecting  the  abactinal  plates  and  in  having 
the  gonads  arranged  in  series  extending  along  the  rays,  but  differing 
in  lacking  rudimentary  superambulacral  ossicles,  and  in  having  the 
superomarginals  in  contact  medially  over  a  considerable  portion  of 
the  ray  (if  separated,  then  only  by  a  single  series  of  small  plates  for 
a  considerable  distance) ;  pedicellariae  always  slender,  tong-shaped, 
not  of  the  low-bivalved  form.  Besembling  Nymphaster. in  form  but 
differing  in  the  serial  arrangement  of  gonads,  in  having  strongly 
tabulate  subpaxilliform  abactinal  plates,  and  in  lacking  the  strongly 
angular  furrow  margin  to  the  adambulacral  plates.  Form  stellate, 
with  well-developed  rays ;  superomarginals  in  contact  distally,  some- 
times for  a  considerable  portion  of  ray;  abactinal  plates  strongly 
tabulate  on  papular  areas  and  with  internal  radiating  connecting 
ossicles;  actinal  interradial  areas  large;  adambulacral  plates  with  a 
straight  or  slightly  curved  furrow  margin  bearing  a  regular  comb  of 
few  to  many,  usually  compressed,  spines,  and  spaced  from  these  a 
subambulacral  series  of  spines,  more  or  less  prismatic,  the  outer  part 
of  the  plate  being  occupied  by  granules  sometimes  graduated  in  size 
toward  the  subambulacral  series  of  spines;  pedicellariae  rather  slen- 
der, spatulate,  and  intrenched;  no  superambulacral  ossicles;  gonads 
in  several  independent  tufts  which  extend  in  a  series  along  the  ray, 
close  to,  or  removed  from,  the  margin  and  usually  parallel  to  the 
radius;  tube  feet  without  deposits. 

Remarks. — The  three  species  which  I  have  placed  here  under  the 
genus  Rosaster  agree  in  having  the  characters  mentioned  in  the 
diagnosis  above,  and  in  these  respects  differ  from  Nymphaster^ 
Mediaster^  and  Ceramaster^  the  most  nearly  related  genera. 

I  have  long  suspected  that  Rosaster  alexandri  might  be  allied  to 
the  section  of  Nymphaster  called  Nereidaster  by  Verrill  in  1899.   But 

*  See  Fisher,  1911<1,  pp.  160,  161,  196.  The  gubfamUy  if  used  here  in  the  same  sense. 
Verrill  (1914a,  p.  294)  believes  that  Mediatter  shoaM  be  placed  in  the  snbfUnily 
Mediasterinae  on  the  basis  of  the  existence  of  radiating  internal  ossicles  connecting  the 
bases  of  the  abactinal  plates.  Rosaster  would  probably  be  placed  in  the  same  subfamily, 
although  differing  in  lacking  superambulacral  ossicles.  Jiediatter  and  Oenmeuter  are 
difficult  to  separate  on  external  characters,  and  can  be  easily  confused  unless  they  are 
dissected.  It  seems  rather  unnecessary  to  place  in  separate  subfamilies  two  genera 
which  can  be  distinguished  only  by  an  expert  Some  of  the  species  of  RoBOSter  have 
up  to  now  been  included  in  Nymphaster,  and  In  "Nereidaster/*  both  supposedly  typical 
Gonlasterinae. 
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Sladen  published  no  anatomical  notes.  In  1906  I  raised  Nereidaster 
to  generic  rank,  including  in  it  a  species  {Nereidaster  bowersi)  which 
proves  not  to  be  congeneric  with  the  type  of  Nereidaster.  It  is  this 
misconception  of  Nereidaster  which  I  incorporated  into  a  key  to  the 
genera  of  Goniasteridae  in  the  Asteroidea  of  the  North  Pacific,  1911rf 
(p.  170). 

I  made  a  cursory  examination  of  Rosaster  several  years  ago  and 
thought  I  found  rudimentary  superambulacral  plates.  These  are 
not  present.  What  I  saw,  on  closer  examination,  proves  to  be  curious 
spiny  outgrowths  from  the  lower  end  of  the  ambulacral  ossicles. 
The  arrangement  of  the  gonads  and  the  presence  of  abactinal 
internal  ossicles,  similar  to  those  of  the  species  herein  described,  in 
addition  to  external  similarities,  leave  no  doubt  that  Nereidaster  and 
Rosaster  are  the  same.  The  external  appearance  of  R*  aiexandri 
is  much  like  R.  nannus,  and  even  more  like  R.  confinds  (Koehler), 
especially  with  regard  to  the  abactinal  surface. 

The  specimen  of  Rosaster  alexandri  (from  off  Barbados,  103 
fathoms)  which  I  examined  has  R  only  16  mm.^  yet  the  gonads 
are  well  enough  developed  to  show  the  serial  arrangement.  There 
are  4  of  them  in  each  series,  the  innermost  being  near  the  inter- 
radial  septum  and  on  the  outer  side  of  the  row  of  plates  next  the 
adradial.  The  series  follows  this  row  to  the  margin  (only  a  short 
distance),  and  is  then  bent  inward  by  the  marginal  plates.  The 
structure  of  the  gonad  resembles  that  of  R.  namvus  and  R.  symboUcKs^ 
bemg  a  simple  ovoid  sac,  or  a  small  cluster  of  sacs.  Sometimes  these 
show  an  incipient  lobing,  but  it  is  slight.  The  other  internal  diag- 
nostic feature  is  well  developed.  Two  rows  of  abactinal  plates  on 
either  side  of  the  median  radial  are  provided  with  internal  radiating 
ossicles.  The  median  radial  plates  may  have  5  to  8  ossicles.  Two 
plates  have  the  longitudinally  directed  ossicles  (those  connecting 
consecutive  plates  of  the  same  series)  split  in  two,  making  with  the 
2  lateral  ossicles  of  each  side  a  total  of  8.  The  other  plates  have  5  or 
6.  The  ossicles  are  longer  and  slenderer  than  in  R.  nanrms.  The 
intestinal  coecum  is  divided  into  long  fingerlike  sacs,  interradial  in 
position.  The  coelomic  side  of  the  ambulacral  plates  is  raised  into 
a  thin  carina,  from  which  arise  numerous  extremely  delicate  and 
fairly  long  spiny  projections,  best  developed  on  the  proximal  plates, 
and  on  each  plate  at  the  lower  end,  although  there  are  a  variable 
number  along  the  whole  length  of  the  plate.  At  the  lower  end  of 
the  plate  they  resemble  a  tuft  of  tiny  calcareous  hairs.  In  R.  nannus 
the  plates  are  similarly  produced  into  a  thin  knifelike  edge  on  the 
coelomic  side,  this  edge  separating  consecutive  ampullae,  and  show- 
ing occasional  short  spinelike  projections,  or  even  appearing  like  a 
saw,  but  never  with  the  extraordinary  delicate  hairlike  projections 
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of  R.  alexandri.  In  B.  symbolicus  the  plates  are  keeled,  the  edge  of 
the  keel  being  very  thin,  uneven,  and  rough  but  not  spiny.  In  R. 
mimicus  there  is  no  keel. 

As  there  are  2  names  in  the  field  for  the  same  group,  I  have  exam- 
ined the  species  with  the  idea  of  instituting  two  subgenera.  About 
the  only  characters  I  find  are  as  follows :  Rosaater  (including  dUx- 
andriy  nanmis^  and  perhaps  canfmis)  is  small  and  the  gonads  are 
rather  closer  to  the  margin,  although  this  may  be  due  to  the  fewer 
abactinal  plates,  especially  of  the  interradial  regions.  The  adambu- 
lacral  spines  are  generally  few — it  to  7  or  8  or,  leaving  out  canfims^ 
4  or  5.  In  Nereidaster  (including  symbolicus,  bipuncPus,  and  mi- 
micus)  the  size  is  larger.  The  gonads  are  spaced  from  the  margin 
in  a  line  parallel  to  the  median  radial  (but  this  is  strongly  indicated 
in  R.  aJexandri) ,  and  the  furrow  spines  are  numerous — 8  to  15.  In 
the  present  state  of  our  knowledge  I  do  not  feej  justified  in  advocat- 
ing this  distinction.  I  fancy  the  slight  difference  in  the  gonads  will 
break  down  when  more  species  are  examined,  and  the  difference  in 
the  number  of  furrow  spines  is  bridged  over  by  R.  confirUs,  which 
is  intermediate  between  the  extremes.  Even  R.  symbolicttS'insij  have 
as  few  as  8. 

It  should  be  mentioned  in  this  connection  that  R.  deomniri  differs 
from  the  other  species,  with  the  possible  exception  of  R.  conpm^  in 
having  more  spiniform  granules  on  the  abactinal  plates,  these  being 
thorny  and  1.5  to  2  times  as  long  as  wide,  blunt,  or  pointed.  The 
furrow  and  subambulacral  spines  are  unusually  long.  One  of  the 
latter  is  generally  enlarged  over  the  other  1  or  2.  These  charac- 
ters may  be  of  considerable  importance,  but  they  seem  too  slight  for 
a  generic  division.  In  Mediaster  tenellus  Fisher  a  somewhat  anal- 
ogous elongation  of  the  granules  into  short  spinelets  has  taken  place. 

Nymphaster  protentus  approaches  this  group  rather  closely,  but 
it  is  useless  to  speculate  on  external  resemblances.  The  arrangement 
of  the  gonads  and  the  internal  structure  of  the  abactinal  skeleton  is 
unknown. 

Nymphaster  ftorifer  possibly  belongs  to  Mediaster.  The  internal 
anatomy  is  not  known. 

The  following  synopsis  will  contrast  the  differences  between 
Nymphaster^  Rosaster^  Mediaster,  and  allies: 

o\  with  Internal  radiating  ossicles  connecting  the  strongly  tabulate  plates  of 
the  papular  areas;  gonads  three  to  many  arranged  in  series  parallel  to 
the  radius,  or  following  the  contour  of  margin. 
6\  With  calcified  Interbrachlal  septa,  supplementary  Internal  nctinal  Inter- 
mediate plates,  unusually  large,  and  fewer  abactinal  plates,  and  large 

triangular  pftpular  areas Neetria. 

h\  With  membranous  Interbrachlal  septa,  no  internal  actinal  intermediate 
plates,  and  with  moderate  or  small  abactinal  plates  and  papular  areaa 
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&,  Rndimentary  super ambulacral  plates  present ;  several  series  of  abactlnal 
plates  extending  to  near  end  of  ray,  and  normally  one  or  more  series 

reaching  the  terminal  plate UediasXer, 

c*.  No  rndimentary  superambulacral  plates ;  distal  superomarglnals  usually 
In  contact,  forming  a  slender,  pointed  ray,  or  If  not  In  contact,  sepa- 
rated for  a  considerable  distance  only  by  a  single  series  of  reduced 

abactlnal  plates Boaaater, 

i\  Without  Internal  radiating  ossicles  connecting  the  abactlnal  plates ;  gonads 
always  Interradlal  In  position. 
b\  General  form  pentagonal  or  stellato-pentagonal  with  very  short  rays; 
abactlnal  plates  of  papular  areas  tabulate;  superomarglnal  plates  not 
contiguous  on  the  rays,  one  or  more  series  of  abactlnal  plates  reach- 
ing the  terminal  plate  (occasionally  a  few  distal  plates  In  contact 
medially) ;  adambulacral  plates  with  a  straight  or  curved  furrow  margin 
and  with  a  series  of  subambulacral  spines  spaced  from  the  furrow 
spines,  but  no  strongly  angular  furrow  margin  separating  consecutive 

pairs  of  tube-feet Ceramaster, 

ft*.  General  form  stellate  with  long  slender  rays;  abactlnal  plates  granulate 
but  not  tabulate,  although  sometimes  a  trifle  raised;  superomarglnals 
conti^ous  throughout  the  long  slender  rays ;  adambulacral  plates  with 
(at  least  dlstally)  a  strongly  angular  furrow  margin,  and  angular  fur- 
row series,  separating  consecutive  tube-feet;  no  regular  comb  of 
subambulacral  spines  spaced  from  furrow  series  (although  sometimes 
the  limer  subambulacrals  are  enlarged) Nymphaster. 

It  will  be  seen  from  this  table  that  Nymphaster  is  rather  sharply 
set  off  from  Rosaster  by  the  low  abactinal  plates  lacking  internal 
supplementary  ossicles,  by  the  strictly  interradial  gonads  (1  tuft), 
and  by  the  characteristic  form  of  the  adambulacral  plates  and  arma- 
ture.. The  principal  likeness  between  the  two  groups  is  in  the  long, 
slender  rays  and  contiguous  superomarglnals. 

KIT  TO  THE  KNOWN  BPBCIBB  OF  BOSABTBB. 

o*.  Superomarglnals  contiguous  for  nearly  half  to  more  than  half  of  R;  not 
separated  by  a  single  series  of  small  plates  for  a  considerable  distance. 
6\  Furrow  spines  4  or  5,  at  least  few  In  number ;  size  small, 
c*.  Abactlnal  paxllUform  plates  roundish,  with  subequal,  thorny  splnelets; 
granules  of  marginal  plates  longer  than  diameter,  thorny  and  re- 
sembling very  short  splnelets ;  furrow  spines  relatively  long,  slender, 

compressed alexandri, 

c*.  Abactinal  plates  hexagonal,  with  unequal  granules,  the  peripheral  on  the 
lateral  edges  of  the  radial  and  adradlal  plates  being  enlarged  and 
opercular,  covering  the  papulae  beneath ;  granules  of  marginal  plates 
small,  depressed,  hemispherical,  broader  than  high;  furrow  spines 

short narnms,  p.  244. 

h\  Furrow  spines  7  or  8  to  14  or  15 ;  size  small  to  large. 

&.  Size  smaU ;  radial  tabulate  plates  roundish,  a  few  distal  abactlnal  plates 
isolated  singly  between  consecutive  pairs  of  contiguous  superomar- 
glnals ;  furrow  spines  7  or  8 ;  subambulacral  spines  and  granules  in 

3  series confinis. 

&.  Size  medium  or  large ;  radial  tabulate  plates  hexagonal, 
if.  Furrow  spines  14  or  15;  large  radial  plates  with  12  to  28  central 
granules mimicus,  p.  250. 
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(I*.  Furrow  spines  8  to  10;  large  radial  plates  with  2  to  4  central  gran- 
ules   bipunctw, 

a\  Superomarginals  separated  on  outer  part  of  ray  by  a  single  series  of  abac- 
tinal  plates,  but  the  last  few  plates  may  be  in  contact  medially. 
h\  Size  small;  distal  marginals  with  a  small  central  tubercle;  marginals 

tumid ;  furrow  spines  4  or  6 mamUUitiM,  p.  247. 

&'.  Size  large;  distal  marginals  not  tuberculate;  marginals  not  individaally 
tumid ;  furrow  spines  8  to  12 %}fmbolicu8,  p.  253. 


ROSASTES  NANNUS  \ 

Plate  61,  figs.  1,  2;  plate  68,  fig.  6;  plate  91,  figs.  3,  3a. 
Rosaster  nannus  Fishes,  1913a,  p.  631. 

Diagnosis. — A  small  species  resembling  R.  con-finis  (Koehler),  but 
differing  in  having  larger,  hexagonal,  radial  plates,  with  differently 
formed  and  characteristic  marginal  granules,  fewer  furrow  spines 
(4  or  5)  and  2  instead  of  8  series  of  subambulacral  spines  and  gran- 
ules. Disk  stellato-pentagonal,  the  rays  at  first  tapering  abruptly 
to  the  third  superomarginal,  which  meets  its  fellow  medially,  then 
very  gradually,  the  extremity  being  blunt  and  the  general  form 
resembling  that  of  Paragonaster;  breadth  of  ray  at  inner  end  of  third 
superomarginal  equaling  first  2^  superomarginals  measured  on  am- 
bitus; radial  plates  large,  with  large,  valvelike  granules  on  the 
lateral  borders,  and  smaller  ones  on  the  transverse  margins;  furrow 
spines  4  or  5 ;  subambulacral  armature  in  2  longitudinal  series,  the 
inner  consisting  of  3  or  4  spines;  consecutive  plates  of  median  radial 
series  joined  by  2  internal  ossicles,  and  joined  to  the  adradials^by  2 
transverse  ossicles,  the  former  being  absent  on  the  adradial  series. 
E=24  mm.,  r=6.6  mm.,  R=8.7  r;  breadth  of  ray  at  midinter- 
brachium,  7  mm. 

Description. — ^Abactinal  area  stellato-pentagonal,  bounded  by  broad 
superomarginals  (2.5  of  each  series).  Plates  strongly  tabulate,  even 
the  few  interradial  ones  being  raised  as  much  as  is  usual  for  the 
radial  plates  of  Nymphaster.  Median  radial  plates,  hexagonal, 
wider  than  long,  with  very  straight  edges.  Parallel  to  this  are 
2  longitudinal  series  of  tabulate  plates,  the  adradial  plates  being  con- 
spicuously smaller  than  the  radial  and  the  next  conspicuously  smaller 
than  the  adradial.  Between  this  second  series  and  the  margin  are 
2  short  series  of  lower  interradial  plates,  forming  with  those  of  the 
other  side  of  interbrachium  2  chevrons.  A  large  proximal  median 
radial  plate  has  15  to  25  central  hemispherical  slightly  spaced  gran- 
ules, gradually  decreasing  to  as  few  as  2,  but  usually  4  or  5,  on  the 
distalmost  plates  of  the  series.  The  peripheral  granules  are  con- 
spicuously larger  on  the  lateral  margins,  where  they  are  flattened, 
polygonal,  valvelike,  and  trimmed  to  conform  to  the  edge  of  the  hex- 
agon ;  but  they  decrease  abruptly  in  size  toward  the  middle  of  the 
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transverse  edges,  where  3  or  4  granules  arc  smaller  than  the  central 
ones  and  slightly  spaced.  The  primary  radial  plate  has  18  to  25 
peripheral  granules,  and  the  number  decreases  to  about  10  on  the 
distal  plates.  The  adradial  plates  are  similarly  constructed,  but 
have  only  4  to  8  central  granules  proximally  and  1  or  2  distally  and 
fewer  peripheral  granules  than  have  the  radial  plates.  The  second 
longitudinal  series  has  the  peripheral  gra>iules  abutting  against  the 
adradial  plates  much  enlarged,  but  the  others  about  the  size  of  those 
on  the  adjacent  interradial  plates.  These  plates  have  a  curious  one- 
sided appearance,  which  is  more  accentuated  in  the  type  than  in  1  or 
2  other  specimens  from  the  same  station.  The  great  difference  in 
size  between  the  peripheral  granules  of  the  transverse  margins  and 
those  of  the  lateral  longitudinal  margins  is  very  striking.  The  pri- 
mary basal  plates  are  larger  than  the  primary  radial  in  the  type 
and  subequal  in  other  specimens  from  the  same  station.  As  men- 
tioned above,  the  interradial  plates  are  ulso  elevated  and  covered 
with  relatively  few  hemispherical  granul^^s,  sometimes  truncate  on 
the  periphery  of  plate.     No  abactinal  pedicellariae. 

Seen  from  the  coelomic  side,  the  hexagonal  radial  and  adradial 
plates  are  joined  by  stout  intermediate  ossicles  with  a  minutely 
thorny  surface.  Consecutive  median  radial  plates  are  joined  by  a 
gair  of  ossicles  (as  in  aymbolicua)^  and  there  are  2  on  either  side, 
making  8  touching  each  plate.  The  adradial  plates  lack  the  ossicles 
binding  consecutive  plates,  so  that  there  are  only  4  (the  laterals) 
around  each  plate.  The  plates  of  center  of  disk  are  also  joined  by 
the  internal  ossicles.  Papulae  on  center  of  disk  and  in  4  zigzag 
series  along  each  radial  area ;  6  about  each  radial  and  adradial  plate. 

Superomarginal  plates  all  longer  than  wide  as  seen  from  above  and 
rather  evenly  and  fully  curved  from  the  inner  to  the  outer  margin, 
the  lateral  face  being  only  a  trifle  narrower  than  the  dorsal.  Plates 
13  to  a  ray  in  type,  increasing  in  size  up  to  the  third,  which  meets 
its  feUow  medially.  This  plate  is  slightly  longer  than  wide  (or  the 
2  dimensions  subequal)  as  seen  from  above,  and  thence  the  plates  are 
increasingly  longer  than  wide.  The  first  8  plates  are  shorter  than 
the  chord  of  the  extreme  width,  however,  and  in  the  fourth  the 
length  about  equals  the  chord  of  width.  Plates  covered  with  slightly 
spaced,  depressed  subspherical  granules  subequal  to  those  occupying 
the  center  of  abactinal  plates.  The  sutures  between  the  plates  are 
marked  by  well-defined  grooves.  Terminal  plates  as  broad  as  long 
(or  broader) ,  blunt  distaUy  but  pointed  proximally. 

Inferomarginals  nearly  or  quite  corresponding  to  superomarginals, 
the  length  of  the  second  equal  to  chord  of  width,  but  all  normally 
longer  than  wide  as  seen  from  below.  Ten  inferomarginals,  begin- 
ning with  the  third,  corresponding  to  ?i2  adambulacrals.  Distal 
inferomarginals  commonly  twice  as  long  as  extreme  width.  Granu- 
13434— BuU.  100—19 11 
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lation  similar  to  that  of  superomarginals.  A  small  entrenched 
2-jawed  pedicellaria  on  some  of  the  first  plates  of  type,  but  not  in 
other  specimens. 

Actinal  intermediate  plates  four-sided,  in  2  or  3  regular  chev- 
rons, according  to  the  size  of  specimen,  slightly  raised,  with  con- 
spicuous sutures,  and  covered  with  spaced  tubercular  subprismatic 
granules,  often  longer  than  wide  and  intermediate  between  short 
spines  and  granules.    The  largest  have  12  or  14  of  these. 

Adambulacral  plates  small,  squarish,  with  a  nearly  straight  furrow 
margin  proximally  and  a  slightly  curved  one  distally,  but  no  angular 
projection  or  apophysis  as  in  Nymphaater,  Furrow  spines  4  or  8  in 
small  specimens,  but  in  the  type  prpximally  4,  then  5  over  the  greater 
part  of  the  ray,  then  4  at  tip,  short,  compressed,  blunt  Spaced  from 
these  is  a  parallel  series  of  3  (proximally)  or  4  stouter,  slightly 
shorter,  blunt,  subprismatic  to  subterete  subambulacral  spines,  the 
adoral  the  shortest  when  there  are  4.  Spaced  from  these  is  a  par- 
allel series  of  3  or  4  subprismatic  granules,  the  tip  either  blunt  or 
beveled  like  that  of  a  chisel. 

Mouth  plates  with  6  compressed  round-tipped  marginal  spines 
in  a  straight  series  and  about  8  suboral  spines  and  granules,  3  or  4 
forming  a  series  parallel  to  furrow;  2  more,  slightly  smaller,  are 
parallel  to  these,  while  the  outer  end  of  the  plate  is  occupied  by 

2  or  3  granules. 

Madreporic  body  medium  sized,  surrounded  by  5  plates  (4  in 
young)  situated  about  halfway  between  center  and  edge  of  mar- 
ginals. 

Anatomical  notes. — ^Although  the  specimens  are  small,  the  gonads 
are  relatively  very  large  and  fill  up  most  of  the  coelom  of  the  base 
of  ray.  They  consist  of  thick  unbranched  or  bifid  sacs  in  clusters  of 
1  to  5,  these  extending  in  a  series  close  to  the  margin  as  far  as  the 
third  superomarginal  or  until  these  join  medially.  There  seem  to  be 
at  least  5  of  these  clusters  in  each  series.  The  stomach  is  rather 
small.    There  are  no  superambulacral  ossicles  or  rudiments. 

Variations. — ^Aside  from  the  variations  referred  to  in  the  descrip- 
tion, the  proportion  of  E  to  r  differs  individually  and  according  to 
size.  In  the  smallest  example  R=13  mm.;  r=  4  mm.;  R=3.2  r;  an- 
other specimen  measures  R=17.5  mm.,  r=6.5  mm.,  R=2.7  r.  A 
smaller  specimen  measures  16.5  mm. ;  r=5  mm.,  R=3.3  r. 

Type.— Csit.  No.  30539,  U.S.N.M. 

Type-locality. — Station  5152,  Tawi  Tawi  Group,  Sulu  Archipelago 
(lat.  5°  22'  55"  N.;  long.  120°  15'  45"  E.),  34  fathoms,  white  sand; 

3  specimens. 

Distribution. — From  east  of  northern  Palawan  to  the  Sulu  Archi- 
pelago, 34  to  51  fathoms,  on  sandy  bottom. 
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Specimens  examined. — Seven;  3  from  type-locality  and  4  from 
the  following  stations : 

Station  5432,  oflP  Corandagos  Island,  east  of  northern  Palawan 
(lat.  10°  38'  45"  N.;  long.  120^  12'  45''  E.),  51  fathoms,  sand;  1 
specimen. 

Station  5433,  same  locality,  54  fathoms,  green  mud,  coral  sand ;  3 
specimens. 

Remarks. — Rosaster  narmus  is  probably  congeneric  with  Dorigona 
confims  Koehler,  from  the  Andaman  Islatids,  67  fathoms  (1910a, 
p.  57),  although  nothing  concerning  the  internal  anatomy  of  the 
latter  is  known.  I  have  indicated  the  differences  in  the  diagnosis. 
R.  nannus  differs  from  R.  hipunctus  (Sladen)  in  having  larger  abac- 
tinal  plates,  which  on  the  papular  areas  have  peculiar  and  char- 
acteristic marginal  granules,  longer  marginal  plates,  much  fewer  fur- 
row spines.  In  R.  nmmus  10  inf eromarginals  correspond  to  32  adam- 
bulacrals,  while  in  N.  hipunctus  only  20  or  21  (according  to  figure)* 

BOSASTER  MAMILLATUS  PIshcr. 

Plate  56,  figs.  8,  4;  plate  61,  figs.  8,  4;  plate  91,  figs.  5,  5a. 
Rosaster  mamillatus  Fisheb,  1913a,  p.  632. 

Diagnosis. — Differing  from  R.  alexandri^  and  other  small  species,  in 
having  the  superomarginals  beyond  the  third  plate  separated  by  a 
single  series  of  abactinal  plates  nearly  to  extremity  of  ray,  and  in  the 
presence  on  the  distal  marginal  plates  of  a  small  central  tubercular 
granule,  larger  than  any  of  the  other  granules.  R=21  mm.,  r=7.5 
mm.,  B=a  little  less  than  3  r ;  breadth  of  ray  at  midinterbrachium,  7 
mm.  Superomarginals  massive,  tumid,  13  in  number,  and  covered 
with  roundish,  rather  coarse,  subtruncate,  slightly  spaced  granules, 
the  peripheral  being  largest  on  the  dorsal  facet  of  plate ;  the  5  or  6 
superomarginals  preceding  the  la^gt  with  an  enlarged,  subcentral,  tu- 
bercular granule;  inf  eromarginals  corresponding  to  superomarginals, 
tumid,  the  last  6  or  7  with  a  subcentral  enlarged  granule.  Area  of 
abactinal  plates  stellate;  median  radial  plates  wider  than  long,  sub- 
hexagonal,  the  others  subcircular,  all  tabulate;  granules  relatively 
coarse,  the  peripheral  flattened,  finger-nail-shaped,  10  to  12  on  the 
radial  plates  and  8  to  10  on  laterals ;  central  granules  roundish,  low,  2 
or  3  to  6  on  radial  plates,  1  to  3  on  lateral  plates ;  carinal  plates  of 
attenuate  part  of  ray  small,  those  opposite  the  transverse  sutures  of 
superomarginals  elliptical  or  lozenge-shaped,  the  alternate  plates 
smaller  and  oblong;  abactinal  plates  with  a  few  upright  conspicuous 
pedicellariae,  with  2  oblong  or  slightly  tapered  jaws.  Adambulacral 
plates  with  a  slightly  curved  furrow  margin  and  4  or  5  subequal,. 
sKghtly  compressed,  blunt,  furrow  spines ;  subambulacral  spines  3  or 
4  in  an  oblique  longitudinal  seri«>,s  spaced  from  furrow,  followed  by 


Digitized  by  VjOOQIC 


248  BULLETIN  100,  UNITED  STATES   NATIONAL  MUSEUM. 

proximally  3  or  4  granules  in  a  single  series,  or  distally  5  or  6,  usually 
in  2  series.    Oral  spines  8,  similar  to  the  adambulacral  furrow  spines. 

Description. — Area  of  abactinal  plates  stellate,  slightly  inflated  on 
the  radial  areas  and  sunken  on  the  interradial.  Plates  arranged  in  2 
regular  circles  surroimding  the  central  plate,  the  outer  circle  com- 
posed  of  the  primary  basals  and  radials — 10  plates  in  all.  Outside 
of  these  the  plates  form  a  regular  series  along  each  radius  to  within 
the  length  of  2  or  3  marginals  of  the  tip  of  ray ;  and  from  the  fourth 
superomarginal  they  arft  longer  than  wide,  oblong,  or  elliptical  in 
shape,  and  abut  against  the  superomarginals  of  each  side  of  ray. 
The  last  plate  or  two  may  be  segregated  by  the  superomarginals  meet- 
ing medially.  The  other  abactinal  plates  form  4  chevrons  in  the  inter- 
radial region  inclosed  by  2  adjacent  radial  series.  All  the  plates  are 
rather  strongly  tabulate,  except  interradially  near  margin,  and  thc^ 
of  the  2  circles  on  center  of  disk  which  are  low  tabulate.  The  radial 
plates  are  wider  than  long  and  subhexagonal,  the  others  subcircular. 
The  granules  are  relatively  coarse,  the  peripheral  finger-nail-shaped, 
very  slightly  spaced  and  ornate,  10  or  12  in  number  on  the  radial 
plates  and  8  to  10  on  the  laterals,  surroimding,  respectively,  2  or  3  to  6 
(radial)  and  1  or  3  (lateral)  roundish  or  polygonal,  sometimes 
slightly  smaller,  granules,  spaced  a  little  from  the  peripheral.  The 
large  primary  basal  plates  have  upward  of  16  peripheral  and  6  cen- 
tral granules.  About  a  dozen  plates,  mostly  adradials  bear  a  promi- 
nent pedicellaria,  with  2  upright,  oblong,  or  slightly  tapering  jaws 
about  half  as  long  as  the  width  of  the  tabulum.  The  plates  of  the 
series  separating  the  superomarginals  are  sunken  slightly  below  the 
surface  of  latter  and  are  covered  with  mostly  roundish,  slightly 
spaced  granules.  An  elliptical  or  lozenge-shape  plate  usually  alter 
nates  with  a  smaller  oblong  one,  the  former  being  opposite  the  trans- 
verse sutures  of  the  superomarginals.  Papulae  in  oval,  radial  areas, 
reaching  as  far  distad  as  the  adradial  plates  extend,  and  including 
5  longitudinal  rows  of  plates. 

Superomarginals  13,  massive  and  tumid,  encroaching  conspicuously 
upon  abactinal  area,  and  beyond  the  third  separated  only  by  the 
single  series  of  radial  plates,  the  last  2  or  3  being  in  contact  mediaUy. 
The  dorsal  facet  of  the  plate  is  wider  than  the  lateral,  and  owing 
to  the  tumidity,  which  is  more  pronounced  distally,  the  contoiir  of 
the  ray  is  scalloped  and  the  margin  evenly  rounded,  having  the 
appearance  of  being  constricted  at  the  transverse  sutures  of  the 
plates,  which  correspond  on  the  2  sides.  The  plates  are  covered 
with  roundish,  rather  coarse,  subtruncate,  slightly  spaced  granules, 
those  of  the  regular  peripheral  series  being  conspicuously  larger 
than  the  others  on  the  dorsal  facet  but  becoming  subequal  on  the 
lateral.  The  5  or  6  plates  preceding  the  last  bear  an  enlarged  sub- 
central,  tubercular  granule  2  or  3  times  the  diameter  of  the  surround- 
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ing  granules.  Terminal  plate  fairly  large,  longer  than  wide,  with 
about  4  tubercles  on  the  end. 

Inferomarginals,  corresponding  to  superomarginals,  encroach  a 
trifle  less  upon  the  actinal  area  of  rays  than  the  superomarginals 
upon  abactinal,  and  the  proximal  plates  are  slightly  less  tumid  than 
the  corresponding  superomarginals.  The  plates  are  covered  with 
granules  similar  to  those  of  the  lateral  surface  of  superomarginals, 
and  the  last  6  or  7  bear  a  subcentral  enlarged  granule. 

Actinal  intermediate  platen  in  3  chevrons,  the  plates  covered  with 
spaced,  prismatic,  or  four-sided  granules  9  to  12  to  a  plate,  rarely 
more  or  fewer.  The  plates  reach  to  the  proximal  end  of  the  third 
inferomarginal.  In  each  chevron  one  plate  is  generally  interradial 
in  position,  but  there  is  usually  an  even  number  of  plates  in  each 
chevron.  The  plate  just  back  of  the  combined  mouth  plates  is  much 
smaller  than  its  neighbors  and  has  4  granules. 

Adambulacral  plates  about  as  wide  as  long,  with,  a  very  slightly 
convex  furrow  margin  bearing  4  or  5  subequal,  slightly  compressed, 
four-sided,  untapered,  blunt  furrow  spines,  about  as  long  as  the 
plate  and  forming  a  comb  with  slightly  divergent  or  parallel  com- 
pact teeth.  Subambulacral  armature:  an  oblique,  longitudinal, 
slightly  curved  series  of  4  or  3  four-sided  short  spines,  stouter  and 
a  little  shorter  than  the  furrow  spines  and  spaced  from  them.  Back 
of  these  at  outer  end  of  plate  is  a  row  of  3  or  4  elongate  granules  or 
sometimes  distally  5  or  6  granules  in  2  series,  or  forming  a  circle 
with  the  inner  subambulacral  spines. 

Mouth  plates  small  with  straight  furrow  margin  bearing  8  spines 
similar  to  those  of  the  adambulacrals,  but  the  inner  2  or  3  a  little 
heavier.  Parallel  to  these  are  3  to  5  spines  in  line  with  the  inner 
series  of  subambulacrals  and  subsimilar  to  them,  the  outer  part  of  the 
plate  being  occupied  by  6  or  7  spines  and  granules  graded  in  size 
from  the  above  to  the  actinal  intermediate  granules. 

Madreporic  body  surrounded  by  5  plates  and  situated  about  half- 
way between  center  and  inner  edge  of  marginal  plates,  with  a  few 
curved,  incomplete,  branched  striae  separated  by  broad  ridges. 

Anatomical  notes, — Gonads  not  yet  developed;  intestinal  coecum 
with  bifid  interradial  branches;  no  superambulacral  plates.  The 
membranous  interbrachial  septa  have  relatively  few  conspicuous 
calcareous  plates,  some  of  them  shaped  like  short  spines  which  pro- 
ject at  right  angles  to  the  septum.  Ambulacral  ossicles  with  a  sharp 
ridge  toward  the  coelom,  which  bears  on  the  proximal  plates  several 
fine  spiculiform  prolongations  midway  between  the  upper  and  lower 
ends. 

Type.^Ciit  No.  30541,  U.S.X.M. 

Type-l-ocality. — Station  5481.  Surigao  Strait,  off  Cabuf^an  Grande 
Island,  Leyte,  61  fathoms,  sand  shells,  gravel ;  1  specimen. 
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Distribution, — Known  only  from  the  type-locality. 

Remarks. — This  species  agrees  with  R.  symbolicus  in  having  tht 
superomarginals  of  the  ray,  except  the  last  two  or  three,  sepanW 
by  a  single  series  of  abactinal  plates,  but  differs  in  having  coDspies- 
ously  tumid  marginal  plates,  the  distal  half  dozen  of  each  serie? 
bearing  a  small  central  tubercle.  The  furrow  spines  are  4  or  5  in- 
stead of  8  to  12,  and  the  species  is  small  while  symbolicus  is  large. 

ROSASTER  MIMICUS  Fisher. 

Plate  62,  fig.  1 ;  plate  65,  fig.  1 ;  plate  70,  fig.  1 ;  plate  91,  figs.  4,  4a-*. 
Rosaster  mimicus  Fisher,  1913a,  p.  632. 

Diagnosis. — ^Resembling  somewhat  R.  bipunctus  (Sladen),  but  dif 
fering  in  having  sharper  rays,  compacter  paxillae  with  numerous 
crowded  central  granules,  more  numerous,  compressed,  furrow  spine? 
(12  to  14),  more  numerous  subambulacral  spines  and  granules,  and 
more  numerous  oral  spines.  Form  stellate  with  arcuate  interbrachit 
and  gradually  tapering  rays;  sides  of  ray  and  disk  perpendicular 
with  a  longitudinal  depression ;  breadth  of  ray,  measured  at  pronmil 
suture  of  first  pair  of  superomarginals  which  meet  medially  equal  to 
first  3.5  or  4  superomarginals  measured  on  ambitus ;  abactinal  plate 
strongly  tabulate  on  papular  areas  and  with  upward  of  23  central  anJ 
25  peripheral  granules  on  the  radial  series;  abactinal,  marginal  a^ 
tinal  intermediate,  and  adambulacral  pedicellariae ;  subambulacral 
armature  a  series  of  prismatic  spines  and  2  or  3  parallel  series  of 
granules;  furrow  spines  12  to  14.  R=56  nmi.,  r=21  mm.,  R=2.7r 
(cotype) ;  in  type  R=probably  75  mm.  and  r=23  mm. 

Description, — The  general  form  is  sufficiently  shown  by  the  pho- 
tographic figure.  The  rays  are  only  of  moderate  length,  the  tip  of 
all  of  those  of  the  type  being  missing,  but  the  slightly  smaller  cotype 
has  a  perfect  ray.  Abactinal  area  stellato-pentagonal  to  pentagonal 
Abactinal  plates  regular,  those  of  the  radial  areas  and  center  of  disk 
(papular  area)  strongly  tabulate,  a  radial  and  3  parallel  longitudinil 
series  being  symmetrically  hexagonal,  flat-topped,  or  slightly  convex. 
A  radial  plate  of  the  type  has  upward  of  23  subcircular  or  polygonal  | 
flat-topped  or  slightly  convex  depressed  central  granules,  and  15  to  | 
25  truncate  larger  peripheral  ones,  the  outer  edges  conforming  to 
the  contour  of  the  pentagonal  form  as  if  dressed  with  a  knife.  The 
proximal  plates  have  the  largest  and  fewest  peripheral  granules.  In  | 
the  cotype  (station  5282)  the  peripheral  granules  of  the  radial  series 
range  from  12  to  18  and  the  central,  8  or  9  to  12.  The  plates  oo 
center  of  disk  are  irregularly  hexagonal  or  pentagonal  with  clean-cat 
edges.  The  primary  basal  plates  are  slightly  larger  than  the  largest 
radial  plates.  There  are  5  or  6  chevrons  of  close-set,  four-sided,  in- 
terradial  plates  covered  with  a  uniform  mail  of  oblate  spherical  gran- 
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ules,  those  of  the  peripheral  series  being  "  trimmed "  to  a  straight 
edge  on  the  plates  adjacent  to  the  lateralmost  radial  series.  The 
radial  papular  areas  are  oblong  rather  than  lanceolate ;  papulae  on 
center  of  disk.  There  are  a  very  few  slender  entrenched  pedicel- 
lariae,  with  a  fairly  wide  base  tapering  into  very  slender  jaws,  on 
the  abactinal  plates,  and  similar  ones  on  the  dorsal  and  lateral  sur- 
faces of  a  few  of  the  proximal  superomarginals.  They  have  no  defi- 
nite position  on  the  plate. 

Th^  plates  of  the  papular  areas  when  examined  from  the  inner  or 
coelomic  side  are  hexagonal  with  arcuate  sides.  The  radial  and 
either  adradial  series  are  joined  together  by  internal  oblong  or 
elliptical  ossicles  at  the  comers  of  the  plates,  and  each  adradial  series 
is  also  joined  to  the  second  longitudinal  series  in  the  same  way. 
There  are,  consequently,  4  longitudinal  series  of  the  internal  ossicles 
extending  transversely  between  the  plates  and  8  series  of  longitudi- 
nally directed  ossicles  between  these.  As  the  papular  area  increases 
in  size  new  ossicles  appear,  so  tliat  in  the  cotype  there  are  6  instead 
of  4  longitudinal  series  of  transversely  directed  ossicles ;  these  do  not 
encroach  on  center  of  disk  except  in  fully  grown  examples. 

Superomarginals  forming  a  slightly  to  decidedly  raised  border 
to  abactinal  area.  They  are  blocklike  and  the  angle  between  the 
dorsal  and  lateral  faces  is  abrupt,  swollen,  and  less  than  a  right 
angle,  there  being  a  depression  all  along  lateral  face  of  disk  and  ray. 
Superomarginals  increasing  in  size  up  to  the  fifth.  Either  this  or  the 
sixth  meets  its  fellow  medially ;  dorsal  surface  of  first  4  plates  slightly 
wider  than  long;  fifth  decidedly  wider  than  long;  thence  the  width 
decreases  more  rapidly  than  the  length,  the  ninth  being  square  and 
the  succeeding  plates  slightly,  then  obviously,  longer  than  wide. 
Height  of  plate  interradially  and  on  proximal  part  of  ray  slightly 
more  than  half  the  width  of  dorsal  surface ;  near  the  end  the  2  dimen- 
sions are  nearly  equal.  Granules  small,  depressed,  circular,  close 
but  not  touching,  similar  to  those  on  the  abactinal  interradial  plates. 
Number  of  plates  in  cotype,  21  or  22.  Terminal  plate  ovoid,  pointed 
proximally. 

Inf eromarginals  about  as  wide  interbrachially  as  superomarginals, 
but  decreasing  regularly  in  width  from  the  first  plate,  the  fifth  being 
about  as  wide  as  long,  and  the  succeeding  longer  than  wide,  as 
seen  from  below.  Ten  inferomarginals,  beginning  with  the  eighth, 
correspond  to  20  adambulacrals  (19-21).  Granulation  similar  to 
that  of  superomarginals.  Many  of  the  plates  have  1  or  2  slender 
entrenched  pedicellariae  on  the  actinal  surface. 

Actinal  intermediate  plates  in  5  chevrons,  the  outer  reaching 
eighth  inferomarginal.  The  plates  are  plane  and  covered  with 
slightly  spaced,  convex,  polygonal,  or  hemispherical,  equal  granules, 
the  sutures  between  the  plates  being  narrow  but  conspicuous.    Many 
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of  the  plates  of  the  innermost  chevron,  and  other  scattered  plates, 
have  a  pedicellaria  with  2  slender,  spatulate,  denticulate,  or  entire 
jaws,  springing  from  a  narrow  base;  and  sometimes  they  have  a 
couple  of  pedicellarialike  granules  at  one  side,  as  in  R.  symboUcm. 

Adambulacral  plates  at  first  with  a  nearly  straight,  then  a  slightly 
curved  furrow  margin,  but  without  an  angular  apophysis  On  the 
outer  part  of  the  ray  this  convexity  is  sufficient  to  separate  consecutive 
pairs  of  tube  feet  as  the  plates  are  placed  exactly  opposite.  Furrow 
spines  at  first  12,  increasing  to  14  or  even  15,  sharply  four-sided, 
compressed  to  an  even  thickness,truncate,  very  comblike,  with  a  nearly 
straight  distal  margin,  but  the  1  or  2  lateralmost  are  shorter.  The 
thickness  of  the  spines  is  much  less  than  their  width  (in  the  trans- 
verse axis  of  plate).  Separated  from  these  by  a  slight  space  is  a 
curved  series  of  6  close-set  heavy  four-sided  spines  shorter  than  the 
furrow  spines  and  beveled  from  the  base  to  tip,  like  a  wedge.  Back 
of  these  are  2  spaced  rows  of  three-  or  f  our-3ided  prismatic  granules,  5 
or  6  to  a  row,  these  increasing  to  3  rows  on  the  outer  part  of  ray. 
Thus  a  plate  may  have  25  to  30  subambulacral  granules,  as  the  first 
spinose  series  becomes  gradually  reduced  to  granules.  Many  plates, 
near  their  proximal  end,  have  a  stout  pedicellaria  composed  of  3 
or  4  incurved  spiniform  jaws  modified  from  granules.  In  the  type 
these  are  not  very  numerous,  and  are  lacking  on  the  outer  half  of  ray. 
In  specimens  from  station  5282  they  occur  on  a  majority  of  the 
plates,  and  beyond  the  proximal  third  of  the  ray  have  2  jaws,  becom- 
ing gradually  transformed  on  the  outer  half  of  ray  into  the  ordi- 
nary pincer  with  narrow  strap-shaped  or  slightly  spatulate  (variable) 
jaws.  These  specimens  also  have  the  actinal  intermediate  pedicel- 
lariae  more  numerous. 

Mouth  plates  with  a  straight  furrow  margin  and  15  marginal 
spines,  the  outer  10  truncate  and  four-sided,  the  inner  5  increasing 
in  size  and  becoming  three-sided,  compressed,  and  knifelike.  Parallel 
to  the  furrow  series  are  about  6  prismatic  shorter',  stouter  spines 
in  line  with  the  first  subambulacral  series,  the  outer  part  of  plate 
being  occupied  by  12  to  14  variable  granules,  in  general  like  those  of 
the  adambulacrals. 

Madeporic  body  very  small,  three-  or  four-sided,  surrounded  by 
four  plates,  with  a  fifth  encroaching,  and  situated  about  one-fifth  r 
from  center. 

Anatomical  notes, — The  gonads  form  a  series  of  5  small  tufts 
(probably  more  in  the  larger  type),  which  begin  at  the  middle  of 
the  interradius  and,  following  the  fourth  longitudinal  series  of  abac- 
tinal  plates^  just  outside  of  the  papular  area,  reaches  to  the  third 
superomarginal  plate.  This  arrangement  conforms  with  that  found 
in  R.  symbolicus  and  R.  narmus.  The  gonads  resemble  miniature 
bunches  of  grapes,  and  each  tuft  has  a  separate  aperture.    The 
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intestinal  coecum  resembles  that  of  R.  symhoUcus^  but  each  interra- 
dial  division  is  entire  and  not  divided  into  2  distal  lobes.  There  are 
no  rudimentary  superambulacral  ossicles. 

Type.— C^t.  No.  30540,  U.S.N.M. 

Type4ocdlity. — Station  5281,  between  Lubang  and  Luzon  (lat.  13° 
52'  45''  N.;  long.  120°  25'  E.),  201  fathoms,  dark  gray  sand. 

DisMhution. — ^Known  only  from  the  vicinity  of  the  type-locality. 

Specime7is  examined. — Four,  the  type,  and  3  from  station  5282, 
type-locality,  248  fathoms,  dark  gray  sand. 

Remarks. — I  do  not  think  this  species  is  so  closely  related  to 
R.  hipunctiM  as  is  R.  narmus.  A  small  example  of  R.  mirrdcus  with 
K=32  mm.,  and  therefore  comparable  to  the  type  of  hipunctus  is 
just  as  different  as  the  larger  type,  except  that  the  large  radial 
plates  have  upward  of  12  central  granules  and  the  adambulacral 
plates  have  12  compressed,  truncate  furrow  spines  instead  of  the 
maximum  of  14  or  15  of  the  type. 

The  general  appearance,  of  R.  mimicus  is  much  like  a  CeranioHter 
or  a  Mediaater.^  with  long  rays  and  numerous  superomarginals  in 
contact.  At  the  same  time  it  greatly  resembles  a  true  Nymphaster^ 
from  which  it  is  separated  by  the  anatomical  features  characterizing 
Roioster. 

R08A8TER  8TMBOUCU8   (Bladen). 

Plate  91,  fig.  6. 

Xymphastcr  .si'mboluus  Slapkn,  ISS!),  p.  -JDT,  pi.  50,  figs.  1  and  2;  pi.  53, 

figs.  7  and  8. 
Nereidasier  symboliouB  Yebbiix,  1899,  p.  187. 
Rosaster  8yml)olicu8  Fisheb,  1913a,  p.  630. 

Notes  on  PhUippme  specimens. — ^The  2  specimens  differ  somewhat 
from  Sladen's  figures,  but  agree  more  closely  with  his  description, 
the  latter  not  being  in  strict  accord  with  the  plates. 

The  specimen  from  station  5520  has  9  or  more  superomarginals 
in  contact  at  the  end  of  the  ray.  Sladen's  figure  shows  them  sepa- 
rated throughout  the  ray.  But  he  says,  on  page  299 :  "  Toward  the 
end  of  the  ray  the  paxillar  plates  lose  their  hexagonal  outline  and 
become  square,  and  finally  become  so  small  that  their  serial  succes- 
sion is  interrupted  by  the  contact  of  the  2  corresponding  supero- 
marginal  plates  from  each  side  of  the  ray.  The  radial  series  then 
rapidly  aborts  and  the  extremity  of  the  ray  is  occupied  entirely  by 
the  superomarginal  plates."  On  the  following  page  he  says: 
^  Nymphaster  symboUcus  is  readily  distinguished  from  Nymphaster 
protentus  and  its  allies  *  *  *  by  the  presence  of  a  medioradial 
series  of  plates  which  separate  the  two  opposite  series  of  supero- 
marginal plates  throughout  the  ray."  He  contradicts  himself  in  the 
same  way  in  his  key,  his  statement  being  obviously  erroneous  there, 
because  in  N.  hipwnctus  the  distal  superomarginals  are  regularly  in 
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contact  and  are  not  separated  throughout  the  ray,  as  the  heading 
of  the  synopsis  would  lead  one  to  believe. 

In  the  specimen  from  station  6520  there  is  some  irregularity  in 
the  form  of  the  plates,  after  being  reduced  to  a  single  series  on  the 
ray.  At  first  hexagonal  plates  alternate  with  squarish  ones,  and  then 
the  latter  die  out  and  the  hexagonal  plates  become  lozenge-shaped, 
and  are  interrupted  by  the  superomarginals  meeting  medially  be- 
tween them.  The  central  granules  of  the  abactinal  plates  are  less 
globular  than  in  Sladen's  figures  and  description.  Rather  they  are 
polygonal,  subtruncate,  with  a  slight  eminence  in  the  center  like  a 
pimple  or  mamelon.  This  specimen  has  usually  10  or  11  compressed 
furrow  spinelets,  less  often  9.  Sladen  gives  10,  but  his  figures  show 
12  and  13. 

The  specimen  from  station  5367  has  slightly  shorter  rays  and  the 
series  of  abactinal  plates  reaches  the  terminal  plate.  It  agrees  with 
Sladen's  variety  hreviradiatus  in  these  respects  and  in  having  a 
pair  of  enlarged  pedicellarialike  granules  adjacent  to  the  actinal 
intermediate  pedicellariae,  but  diflfers  in  having  only  a  few  (fre- 
quently only  2)  depressed  subglobular  granules  on  the  central  part 
of  the  tabulum  of  radial  abactinal  plates.  There  are  two  kinds  of 
abactinal  pedicellariae.  One  is  the  usual  slender,  entrenched  forceps 
described  by  Sladen.  These  have  compressed  toothed  jaws,  and 
when  the  pair  is  closed  they  have  a  broadly  elliptical  form  viewed 
from  the  side.  The  other  form  is  not  common.  It  consists  of  2 
slightly  modified  elongate  curved  granule.&  In  this  specimen  the 
compressed  furrow  spines  are  commonly  9. 

The  intestinal  coecum  is  very  large  and  consists  of  a  central  irregu- 
lar pentagonal  sac  about  5  mm.  wide,  from  which  5  slender  coeca 
extend  interradially  to  the  margin,  each  being  divided  at  the  middle 
into  2  distal  portions.  The  stomach  is  small  and  the  hepatic  coeca 
extend  about  half  the  length  of  ray.  The  gonads  are  in  10  or  more 
independent  tufts,  which  extend  along  the  ray  about  as  fai:  as  the 
first  6  superomarginals.  This  condition  recalls  that  in  several  Astro- 
pectinidae,  as,  for  example,  Dipsaeaster.  There  are  2  Polian  veacles 
in  the  hydropore  interradius  and  1  in  each  of  the  others;  ampullae 
strongly  double;  tube  feet  with  strong  sucking  disk.  Interbrachial 
septum  membranous.    No  superambulacral  ossicles,  or  rudiments. 

The  form  of  the  abactinal  skeleton  as  seen  from  the  coelomic  ade 
is  very  curious.  The  plates  are  bound  together  by  slender,  irregular 
rods,  much  as  in  Mediaster,  but  the  rods  are  often  once  branched  and 
have  tiny  spinelike  processes  growing  downward,  which  give  to  the? 
coelomic  surface  of  the  abactinal  integument  a  spinulose  appearance, 
suggesting  remotely  the  abactinal  surface  of  some  species  of  Hen-' 
ricia  having  few  sharp  spinelets.  The  plates  of  the  radial  series  are 
slightly  6-Jobed,  with  6  to  8  of  the  rods  connecting  it  with  neigh- 
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boring  plates.  Often  there  are  2  rods  side  by  side  connecting  con- 
secutive plates  of  the  carinal  series.  The  lateral  radial  plates  are 
also  lobed ;  but  distally  the  lobes  become  obsolete.  The  papular  areas 
include  4  longitudinal  series  of  plates  on  either  side  of  the  median 
radial  plates,  and  the  rods  are  present  connecting  these.  The  inter- 
radial  side  of  the  fourth  row  is  without  rods,  being  joined  rather 
tightly  to  the  interradial  plates  which  are  four-sided  and  closely  joined. 
The  papulae  are  present  on  the  center  of  disk,  and  the  connecting 
rods  are  found  here  also.  The  figure  will  give  a  better  idea  of  the 
exact  form  of  the  plates  (see  pi.  91,  fig.  6),  which  are  paralleled  by 
those  of  Mediaster, 

Type, — ^In  the  British  Museum. 

Type-locality,— on,  Tablas  Island,  Philippine  Group,  10(>-115 
fathoms,  green  mud.  Challenger  station  204. 

Distribution, — Philippine  Islands  to  the  Banda  and  Araf  ura  Seas, 
28  to  180  fathoms. 

Specimens  examined. — Two,  from  the  following  stations: 

Station  5367.  North  coast  Mindoro  (Verde  Island  Passage),  180 
fathoms,  sand. 

Station  5520.  Mindanao  Sea,  oflf  Point  Tagolo,  Mindanao,  102 
fathoms,  bottom  temperature  61.8°  F. 

Genus  MEDIASTER  SUmpsoii. 

Mediaster  Stimpson,  Boston   Jourii.   Xat.  Hist.,   vol.  6,   p.   530. — Fisher, 
1911d,  p.  196.    Type,  M,  aequalU  Stlmpson. 

Mediast^r  is  closely  related  to  Rosaster^  and  is  separated  from  it 
by  the  presence  of  rudimentary  superambulacral  ossicles  and  by  the 
form  of  the  ray.  Several  series  of  abactinal  plates  extend  nearly  to 
the  tip  of  the  ray,  the  last  2  or  3  superomarginals  being  separated 
by  a  single  radial  series.  Occasionally  the  last  few  plates  are  in 
contact  medially,  or  more  than  1  series  reaches  the  terminal  plate. 
Both  genera  have  the  internal  supplementary  abactinal  plates  and 
the  serially  arranged  gonads.  Both  genera  have  species  with  only 
a  few  gonads  to  the  series  {Mediastcr  aequalis  and  Rosaster  alex- 
andri  or  R,  nannus)  and  species  with  comparatively  many  {Mediaster 
ofnatus  and  Rosaster  symbolicus  or  R.  mimieus).  The  internal  ossi- 
cles are  slenderer  and  better  developed  in  Mediaster^  having  a  wider 
distribution,  in  M.  aequalis  extending  to  the  interradial  septa. 

Mediaster  aeqtuilis  has  3  rather  large  tufts  in  each  series  of  gonads, 
nearer  the  margin  than  in  M,  omaius;  31,  arctiatus  has  6  tufts  (in  the 
epecunen  dissected) ;  M.  hairdii  has  6  tufts  (in  specimen  dissected) ; 
-V.  omatus  has  5  to  10  tufts. 

Mediaster  is  closely  related  to  Nectria^  an  Australian  ^enus.  Nee- 
tria  differs  from  Mediaster  in  having  calcified  intetbrachial  septa, 
supplementary,  internal,  actinal  intermediate  plates,  relatively  very 
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large  tabulate  abactinal  plates,  fewer  than  in  Mediaster^  and  in  hav- 
ing large  triangular  papular  areas  on  the  disk,  with  upward  of  10  or 
even  nu)re  (as  high  as  18  in  Nectria  oceUata)  papulae. 

MEDIASTER  ORNATUS  Fisher. 

Mediaster  omaiua  Fisher,  1906,  p.  1046,  pi.  16,  figs,  8,  3a-b ;  pL  20,  figs.  1 
and  2.— KoEHiJEB,  1909,  p.  78,  pi.  10,  fig.  4  (Arabian  Sea). 

Notes  on  Philippine  specimens. — The  3  examples,  very  nearly  of  a 
size,  are  all  larger  than  the  Hawaiian  specimens  and  present  several 
minor  points  of  difference.  The  ray  is  a  trifle  slenderer  at  the  tip, 
the  abactinal  plates  more  compact,  but  not  necessarily  larger,  the 
actinal  intermediate  granules  a  little  smaller,  more  depressed,  and 
the  sutures  between  the  plates  not  so  conspicuous  or  deep.  The  fur- 
row spines  are  -6  or  7,  but  occasionally  5,  and  the  series  of  subambu- 
lacral  spines  is  not  quite  so  prominent.  In  Hawaiian  specimens  the 
furrow  spines  vary  from  6  to  8,  and  very  rarely  a  shorter  ninth  spine 
is  present.  But  the  Hawaiian  examples  are  rather  variable  in  the 
form  of  the  granules,  compactness  of  plates,  and  in  the  number  of 
spines  and  granules.  A  character  not  brought  out  in  the  original 
descriptix)n  and  one  which  is  exhibited  by  most  species  of  the  genus 
is  the  presence,  on  the  outer  attenuate  part  of  the  ray,  of  an  enlarged 
club-shaped  subambulacral,  much  longer  than  the  furrow  spines  and 
situated  in  the  middle  of  the  inner  subambulacral  series,  the  other 
members  of  which  are  shorter  than  the  furrow  spines. 

The  internal  supplementary  ossicles  of  the  abactinal  plates  ai*e 
slender  and  overlap  the  plates  for  a  third  of  their  diameter.  There  is 
no  difference  between  the  Philippine  and  Hawaiian  specimens  in  this 
regard.  The  Philippine  example  dissected  has  the  gonads  in  a  series 
of  10  tufts  extending  from  the  interbrachial  septum  (at  about  mid- 
way between  center  and  margin)  along  the  sixth  longitudinal  series 
of  plates  from  the  midradial,  reaching  to  the  fifth  superomarginal. 
In  a  medium-sized  (not  the  largest)  Hawaiian  specimen  there  are  5 
or  6  tufts,  reaching  the  fourth  superomarginal.  The  series  in  the 
Philippine  example  is  longer  than  in  any  species  of  the  genus.  Jtf. 
aegimlis  constantly  has  only  3  tufts.  R=78  mm.,  r=33  mm.,  R= 
2.33  r ;  another  specimen,  R=78  mm.,  r=31  mm. 

Type-locality. — Station  4022,  east  coast  of  Kauai  Island,  Hawaiian 
Islands,  399-374  fathoms,  coral  sand,  f oraminif era ;  bottom  tempera- 
ture 41°  F. 

Distribution. — Hawaiian  Islands,  Philippine  Islands,  and  the 
Arabian  Sea,  286  to  492  fathoms. 

Specimens  examined, — Three  from  the  following  stations:  Station 
5450,  Lagonoy  Gulf,  east  coast  Luzon,  408  fathoms,  green  mud,  coral, 
bottom  temperature  42.3° ;  1  specimen.  Station  5467,  same  locality, 
480  fathoms ;  2  specimens. 
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Genus  CERAMASTER  (VerriU). 

Ceramaster   Vebbill    (Sec.   C   of   Toaia)^   1899,   p.    161.     Type,    Asteriaa 
granularis  Retz. — ^Fisher,  1911d,  p.  204. 

CERAMASTER  SMITHI  Fisher. 

Plate  57,  fig.  1 ;  plate  58,  fig.  2 ;  plate  91,  flg.  7. 
Ceramaster  smithi  Fisheb,  191Sa,  p.  640. 

Diagnosis. — ^In  general  appearance  closely  resembling  G.  clarJci 
Fisher,  but  differing  in  having  less  elevated  abactinal  plates,  with 
shorter  and  differently  formed  basal  lobes ;  more  numerous  granules, 
especially  on  center  of  tabulum;  smaller  pedicellariae;  coarser  and 
characteristically  formed  subambulacral  spines.  General  form  arcu- 
ately  pentagonal,  produced  at  the  comers  into  short,  blunt  rays;  body 
thin;  margins  thin,  the  plates  being  small  as  in  O.  clarJci;  abactinal 
plates  very  short-lobed  and  with  hexagonal  crowns  on  papular  areas, 
composed  of  10  to  18  central  and  15  to  22  peripheral,  subequal, 
slightly  spaced  granules,  and  often  a  small,  spatulate,  two-jawed  pedi- 
cellaria ;  superomarginals  longer  than  wide  and  with  slightly  spaced, 
flat  granules,  except  the  last  few  plates,  which  are  wider  than  long 
and  have  a  bare  area ;  adambulacral  plates  with  4  or  5  coarse  furrow 
spines  and  3  coarser  truncate  subambulacral  spines,  the  tips  truncate 
and  curiously  etched  out,  pitted,  and  wrinkled,  the  grooving  extend- 
ing down  the  outer  side;  oral  spines,  8  or  9.  B=60  nmi.,  r=31  mm., 
K=nearly  2  r. 

Description, — ^Abactinal  plates  lower  than  in  C.  clarhi^  with 
broader  tabula  in  proportion  to  height,  and  with  more  numerous 
granules,  especially  on  central  part  of  tabulum.  The  larger  radial 
plates  have  15  to  22  peripheral,  flattened  granules,  which  overhang 
the  edge  of  tabulum  and  have  their  distal  margin  square-cut  or 
slightly  rounded,  or  at  the  corners  of  the  plate  conforming  to  the 
hexagonal  form  of  the  crown.  The  central  granules,  10  to  18  on  the 
larger  plates,  are  circular,  flattened,  and  slightly  spaced,  but  nearly 
uniform  in  size  and  not  unequal  as  in  clarM  nor  often  markedly 
smaller  than  the  peripheral.  Many  of  the  plates  have  a  two-jawed, 
slightly  spatulate,  slender  pedicellaria  shaped  much  as  in  G.  clarki^ 
but  smaller.  The  median  radial  plates  are  the  largest,  the  tabulum 
being  about  one-third  to  three-fourths  as  high  as  wide,  occasionally 
slightly  more  on  a  small  radial  plate.  The  plates  decrease  in  size 
very  gradually  toward  the  small  interradial  areas,  which  are  paved 
with  smaU  squarish  or  roundish  plates  separated  by  narrow,  shallow 
channels.  Pedicellariae  are  scattered  also  over  the  interradial  areas. 
The  plates  of  center  of  disk  are  smaller  than  those  of  radial  area, 
less  regular,  ^nd  a  trifle  lower. 
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The  abactinal  plates  have  short  lobes,  in  foma  much  like  those  of 
C,  japonicus.  They  are  very  short,  broad,  rounded,  or  truncate,  and 
often  irregular  or  unsymmetrical  in  position,  especially  on  the  distal 
and  lateral  portions  of  the  papular  areas.  The  plates  are  wholly 
diflFerent  in  form  from  those  of  C.  clarki,  which  have  the  lobes  bent 
downward  so  that  the  center  of  plate  is  hollowed  out.  (See  Fisher, 
1911flf,  pi.  59,  figs.  6,  6a.)  Papulae  distributed  over  center  of  disk 
and  very  broad  radial  areas. 

Marginal  plates  small,  as  in  C.  darkl,  forming  a  thin  rounded 
margin  to  disk.  Superomarginals  18,  longer  than  wide  up  to  the 
ninth  or  tenth,  then  rather  rapidly  widening,  the  fifteenth,  six- 
teenth, and  seventeenth  being  the  widest,  and  of  these  the  sixteenth 
is  slightly  the  largest  and  is  the  w^idest  of  all  the  superomarginals. 
While  the  other  plates  are  closely  granulate,  these  have  a  large  cen- 
tral bare  area  (the  thirteenth  and  fourteenth,  a  smaller)  and  appear 
swollen.  This  is  very  much  as  in  (',  clark%  except  that  in  smith) 
the  distal  superomarginals  do  not  touch  medially,  while  they  do  in 
clarhl.  Terminal  plate  broader  than  long,  ovoid,  almost  globose 
with  a  semicircular  terminal  series  of  globose  gi^anules,  and  several 
tubercular  spinelets  beneath  them. 

Inferomarginals  very  similar  to  superomarginals,  the  distal  6  or  7 
with  a  central  bare  space  increasing  in  size  distad.  The  first  6 
are  slightly  longer  than  wide;  thence  the  length  gradually  dimin- 
ishes until  the  distal  plates  are  wider  than  long,  but  not  wider  than 
the  proximal  plates  as  in  the  case  of  the  superomarginals. 

Actinal  intermediate  plates  numerous,  flat,  4-sided,  not  very 
regular,  in  12  or  13  chevrons  (each,  except  sometimes  the  first,  with 
an  odd  interradial  plate  at  the  apex),  the  plates  decreasing  in  size 
tow^ard  the  margin  and  reaching  to  within  -i  inferomarginals  of 
the  terminal  plate.  Granules  coarse,  well  spaced,  subspherical  or 
in  the  case  of  the  peripheral  flattened  on  the  outer  side  and  ap- 
pressed  to  peripheral  granules  of  neighboring  plates.  One  inter- 
radius  has  a  single  spatulate  pedicellaria. 

Adambulacral  plates  at  first  a  little  longer  than  wide,  then  a 
trifle  wider  than  long.  Furrow  margin  nearly  straight.  Furrow 
spines  5,  sometimes  4,  equal,  about  as  long  as  ^vidth  of  plate,  com- 
pressed or  prismatic,  truncate  or  round  tipped  often  with  a  pit. 
notch,  or  groove  at  the  tip,  the  latter  rarely  running  down  the 
outer  (upper)  side  of  spine.  The  spines  vary  in  shape  within  the 
same  series,  being  triangular  or  square  or  elliptical  in  section,  with 
all  the  intermediate  variations.  Just  back  of  the  furrow  series  is 
a  series  of  3  coarser,  usually  four-sided  spines,  slightly  shorter  than 
furrow  series  and  occupying  the  full  length  of  plate.  The  tip  is 
curiously  etched  out  by  grooves  which  may  run  part  way  or  all  the 
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way  down  the  outer  face  of  the  tubercle.  Scarcely  2  are  alike. 
The  spines  increase  in  thickness,  toward  the  outer  part  of  furrow, 
sometimes  flaring  widely  at  the  tip,  and  finally  1  increases  greatly 
in  size  over  the  rest  and  becomes  a  stout  conical  or  clavate  tubercle 
without  a  trace  of  the  curious  wrinkling.  The  form  of  these  sub- 
ambulacral  spines  is  difficult  to  describe,  as  it  varies.  They  have 
the  appearance  of  being  eaten  very  unevenly  on  the  outer  side  by 
acid.  The  outer  end  of  the  plate  is  occupied  by  4  to  10  prismatic, 
irregular  granules  in  1  series  on  the  first  few  plates,  2  on  the  rest, 
or  without  serial  arrangement.  I  find  just  1  plate  with  a  2- jawed 
spatulate  pedicellaria. 

Mouth  plates  with  slightly  curved  furrow  margin  bearing  8  or  9 
spines  variable  in  form,  but  similar  to  the  adambulacral  spines. 
They  increase  in  size  and  become  more  compressed  and  broader 
toward  the  mouth  angle;  and  the  tip,  which  is  usually  blunt  or 
truncate,  is  irregularly  pitted  and  etched  out,  as  described  above. 
Parallel  to  this  is  a  series  of  6  or  6  suboral  spines  similar  to,  but 
larger  than,  the  homologous  subambulacral.  Six  to  12  coarse  pris- 
matic granules  occur  on  the  outer  part  of  the  plate,  mostly  on  the 
SQtural  and  lateral  margins. 

Madreporic  body  fairly  large,  with  fine  meandering  striae,  situ- 
ated one-third  of  r  from  the  enlarged  "  central "  or  apical  plate. 

The  anatomy  could  not  be  worked  out  beyond  the  most  salient 
features.  Gonads  single,  on  either  side  of  the  interbrachial  septum, 
situated  about  6  mm.  from  marginal  plates  and  4  or  5  from  the 
septum.  Polian  vesicle  long,  reaching  nearly  to  marginal  plates. 
No  subambulacral  ossicles  or  rudiments. 

Tmmg. — A  specimen  from  station  5348  with  R  23  mm.  and  r  15 
mm.  seems  to  belong  to  this  species.  It  differs  from  the  adult  in 
much  the  same  way  that  a  small  specimen  of  clarki  differs  from 
the  large  type. 

The  most  conspicuous  difference  of  this  young  specimen  (the 
gonads  are  very  small)  is  to  be  found  in  the  marginal  plates.  These 
are  relatively  heavier,  and  normal  for  the  genus,  and  all  of  them 
have  a  dorsal  bare  spot  which  increases  in  size  distad  until  it  occu- 
pies nearly  the  entire  surface  of  the  plate.  The  proximal  plates 
are  a  trifle  wider  than  long,  the  width  increasing  gradually  up  to 
the  eighth,  the  last  2  plates  being  smaller.  At  the  same  time  the 
length  of  the  plates  gradually  decreases  so  that  these  distal  plates 
are  more  than  twice  as  wide  as  long  and  agree  with  those  of  the 
adult  in  being  larger  than  the  proximal.  The  abactinal  plates  have 
the  same  character  as  in  the  adult  but  have  only  4  or  5  central 
granules,  decreasing  to  2  or  3  on  the  smaller  plates,  and  the  10  or 
12  marginal  granules  are  slightly  larger  than  the  central.    The 
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adambulacral  spines  lack  the  pits  and  furrows  characteristic  of 
the  adult,  but  the  number  of  the  spines  is  the  same.  The  tips  are 
smoothly  rounded  or  truncate.  Oral  spines  10.  This  specimen 
differs  from  the  immature  C.  clarki  (from  station  4407,  near  Santa 
Catalina  Island,  California,  334  to  600  fathoms)  in  having  lower 
tabula  to  the  abactinal  plates,  relatively  slightly  larger  crowns,  a 
differently  formed  base  (as  in  adults),  smaller  pedicellariae,  wider 
superomarginal  plates  distally  (in  young  clarki  they  are  not  wider 
than  the  proximal  plates) ;  shorter  and  heavier  furrow  spines,  more 
crowded  adambulacral  aramature  generally,  and  no  pedicellariae, 
such  as  are  frequently  present  in  clarki. 

Type.—C9X.  No.  30551,  U.S.N.M. 

Type-locality. — ^Station  5201,  Sogod  Bay,  southern  Leyte  Island, 
554  fathoms,  gray  sand,  mud,  bottom  temperature  52.8°  F. ;  1  speci- 
men. 

Distribution. — Palawan  Passage  to  Leyte,  Philippine  Islands,  375 
to  554  fathoms,  gray  sand  and  mud.  Temperature  range  52.8°  to 
54.4°  F. 

Specimens  examined. — ^The  type  and  a  specimen  from  station 
5348,  Palawan  Passage  (lat.  10°  57'  45''  K;  long.  118°  38'  15"  E.); 
375  fathoms,  coral  sand ;  bottom  temperature,  56.4°  F. 

Remarks. — The  only  species  of  the  Indian  region  with  which  this 
may  be  confused  is  Pentagonaster  cuenoti  Koehler  from  off  southern 
India,  1,006  fathoms.  The  resemblance  is  not  close,  however,  and 
it  is  probable  that  cuenoti  belongs  to  a  different  section  of  the  genus. 
Koehler  does  not  state  that  the  radial  plates  are  tabulate,  and  they 
do  not  appear  so  in  the  figure.  The  plates  are  small,  and  each  is 
covered  by  5  to  7  small  roundish  granules  without  order.  In  the 
radial  regions  there  are  a  large  number  of  papular  pores  irregu- 
larly disposed.  Likewise  the  marginal  plates  do  not  increase  in 
size  distad,  and  there  are  7  furrow  spines.  In  '^  Pentagonaster^ 
pulvinus  Alcock  the  plates  are  close  set,  and  no  papulae  were  visible 
even  after  the  granules  were  removed.  Although  Alcock  states  that 
the  angular  granules  show  a  paxilliform  arrangement,  I  am  uncer- 
tain whether  the  plates  are  elevated.  I  suppose  not,  as  he  says  the 
species  is  related  to  Pentagonaster  mirahilis  (which  is  P.  placenta^ 
probably  referable  to  my  Sphaeriodiscics) .  Pentagonaster  (PhUon- 
aster)  morfenseni  Koehler  seems  to  be  closely  related  to  Cera- 
inaster  arcticxis  (Verrill)  and  differs  from  smithi  in  having  much 
smaller,  higher  paxilliform  plates  with  usually  1  or  2  central  gran- 
ules and  6  or  8  peripheral  ones  very  regularly  arranged.  This 
arrangement  is  found  on  the  smaller  plates  near  the  margin,  the 
size  only  changing. 

This  species  is  named  for  Dr.  Hugh  M.  Smith. 
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Genus  NYMPHASTER  Sladen. 

Nymphaster  Sladbw,  1885,  p.  612 ;  1889,  p.  204.    Type,  N.  protentus  Sladen, 

by  designation,  Fisher,  1917. 
Dorigona  Perkieb  (not  Gray),  1885,  p.  39;  1894,  p.  365.— Koehlkb,  1909, 

p.  54 ;  1910O,  p.  60. 

Diagnosis. — Goniasteridae  with  long  rays,  composed  dorsally  of 
the  superomarginals  only ;  with  low,  not  markedly  tabulate,  granu- 
late, abactinal  plates;  actinal  interradial  areas  large,  granulate; 
adambulacral  plates  with  the  furrow  margin  strongly  angular,  at 
least  on  plates  of  distal  half  of  ray,  the  angular  furrow  series  sepa- 
rating consecutive  pairs  of  tube  feet;  pedicellariae  spatulate,  en- 
trenched, or  composed  of  more  or  less  modified  granules;  no  super- 
ambulacral  ossicles;  no  internal  supplementary  abactinal  ossicles; 
gonads  in  a  single  tuft  on  either  side  of  the  membranous  interbrachial 
septum. 

Remarks. — ^This  genus  differs  from  Rosaster  and  Mediaster  in 
lacking  internal  abactinal  ossicles  connecting  the  plates  of  the  papu- 
lar areas,  and  in  having  the  gonads  in  a  single  tuft,  not  serially 
arranged.  It  differs  further  in  the  form  of  the  adambulacral  plates 
and  armature.  Mediaster  has  superambulacral  ossicles,  not  found  in 
Nymphaster.  NympJiaster  differs  from  Ceramaster  in  having  single 
gonads  on  either  side  of  each  interbrachial  septum,  angular  adambu- 
lacral plates,  long  rays,  and  in  having  low,  not  tabulate  abactinal 
plates. 

In  his  diagnosis  of  the  genus,  Sladen  did  not  mention  any  specific 
names,  so  that,  under  existing  rules  of  nomenclature,  the  genus  should 
date  from  the  Challenger  report  of  1889.  Here  no  type  is  indicated, 
and  none  has  been  designated.  The  following  species  are  described : 
symboUeus,  hipwnctus^  protentus^  albidus^  hasUicus.  In  1899  Verrill 
set  aside  symbolieus  and  hipwrvctus  under  the  name  Nereidaster. 
This  group,  which  is  more  nearly  related  to  Mediaster  than  to 
Nymphaster^  falls  within  the  genus  Rosaster  Perrier,  1894.  The 
type  of  Nymphaster  must  be  chosen  from  the  three  remaining  species, 
and  for  this  purpose  Nymphaster  protenttts  is  best  adapted. 

Koehler  (1910a,  p.  60)  has  proposed  to  limit  the  name  Nymphaster 
"  to  the  forms  in  which  the  superomarginals  are  separated  by  a  series 
of  abactinal  plates  and  to  reserve  the  name  of  Dorigona  for  those  in 
which  the  marginal  plates  are  contiguous."  This  course  is  not  pos- 
sible, because  Verrill  has  already  limited  Nymphaster  to  the  genus 
which  Koehler,  following  Perrier,  calls  '^  Dorigona.^^  The  genus 
which  Koehler  calls  ^^  Nymphaster  ^^  is  that  previously  named 
Nereidaster  (type  N.  symholicics)  by  Verrill,  which  in  turn  is  con- 
generic with  the  earlier  Rosaster  of  Perrier  (type  Pentagonaster 
alexandri) . 

13434— Bull.  100—19 18 
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It  is  greatly  to  be  regretted  that  Koehler  has  lent  the  weight  of 
his  authority  to  such  an  obvious  misuse  of  a  name  as  that  of 
Dorigona.  There  is  no  possible  excuse  for  the  use  of  this  name  for 
Ny^mphaster. 

In  assuming  to  call  this  genus  Dorigona  (Gray,  1866,  p.  7)  it  is 
also  necessary  to  assume  that  Gray's  genus  included  originally  one 
or  more  true  Nymphaster^  which,  as  is  well  known,  it  did  not.  The 
type  of  the  genus  is  Dorigona  reevesii^  the  same  species  as  Ogmas- 
ter  capeUa  von  Martens  (1866).  Dorigona  is  therefore  synony- 
mous with  Ogmaster  and  its  status  in  nomenclature  is  fixed  for 
all  time.  It  is  true  that  Gray  mentioned  another  species,  Astro- 
goniwm  longimanv/m  Mobius,  but  this  is  not  congeneric  with  Dori- 
gona reevesiiy  and  is  given  a  distinctly  secondary  place  by  Gray. 
Sladen  made  it  the  type  of  his  new  genus  Iconasterj  in  1889.  It  will 
be  noted  that  no  true  Nymphaater  is  mentioned,  and,  in  fact,  this^ 
group  was  not  discovered  until  many  years  afterward,  during  the 
expeditions  of  the  ChaUenger  and  the  Blake, 

The  following  is  a  short  history  of  the  name  in  Perrier's  writings. 
In  1876  in  the  "  Revision,"  p.  228.  Dorigona  is  used  as  a  subgenus 
exactly  in  the  sense  that  Gray  uses  the  name  in  his  "  Synopsis "  of 
1866,  with  the  exception  that  Ogmaster  capella  is  called  Pentagon- 
aster  mvlleri  instead  of  Dorigona  reevesii.  Astrogonium  longimanum 
is  listed  under  the  name  Pentagonaster  longimanus.  In  1884 
Pentagonaster  temalis^  P,  subspinosus^  and  P.  arenatus  are  described 
from  the  Blake  collections,  but  no  mention  is  made  of  Dorigona. 
But  in  the  following  year  ^  the  last,  and  a  new  species,  prehensUis^ 
are  placed  in  the  "Genus  Dorigona  Gray"  without  comment 
In  1894,  p.  366,  we  fmd  Dorigona  again  used  in  the  sense  of 
Nymphaster.  It  is  interesting  to  note  that  Perrier  in  the  syn- 
onymy omits  the  original  citation,  his  first  reference  being  to  the 
"Revision"  of  1876.  He  then  gives  a  generic  description  which 
obviously  applies  to  Nymphaster  and  has  nothing  to  do  with  the 
genus  Dorigona  of  Gray,  let  alone  the  fact  that  none  of  Gray's  species 
are  included.  Perrier  himself  does  not  believe  that  Ogmaster 
capella  is  congeneric  with  Dorigona  temalis,  yet  by  what  reason- 
ing temalis  is  placed  in  a  genus  of  which  Ogmaster  capella  is  the 
type,  it  is  beyond  me  to  discover.  His  only  apology  is  an  observa- 
tion on  page  367 : 

The  genus  Dorigona,  In  the  sense  In  which  we  have  just  Umlted  it,  corre- 
sponds to  the  genus  Nymphaster  of  M.  P.  Sladen,  who  gave  absolutely  without 
necessity  a  new  name  to  a  generic  division  long  since  indicated  and  of  which 
the  limits  demanded  revision  in  relation  to  recently  discovered  genera. 

*Note  prelim,  sur  les  ^hinod.  dragnCs  par  le  Trawmewr  et  le  TaU^mwa,  Ann.  set 
nat,  1885,  p.  89. 
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The  gist  of  this  quotation  is  that  Sladen  did  not  adopt  Perrier's 
acorrect  use  of  Dorigona.  With  such  reasoning  it  is  no  great  won- 
er  that  the  nomenclature  of  the  Asteroidea  became  tangled. 

KBT  TO  THE  8PBCIBS  OF  NTMPHA8TB&  HBBXIN  DBSCBIBBO. 

'.  Marginal  mouth  spines  (bordering  on  moutli  of  ambulacral  farrow)  6  or  7, 
exc^tionally  8  (if  8,  then  rays  not  conspicnously  slender,  but  if  meas- 
ured at  proximal  suture  of  the  first  pair  of  superomarginals  which  meet 
medially,  equaUng  length  of  first  8)  to  4)  superomarginals  measured  on 
ambitus) ;  some  of  the  radial  plates  wider  than  long;  mouth  plates  small, 
and  rays  stout,  the  inferomarginals  extending  laterally  beyond  supero- 
marginals. 
l\  Mouth  plates  nearly  or  quite  inclosed  by  the  first  pair  of  adambulacrals ; 
numerous  subambulacral  spines ;  abactinal  granules  mucronate. 

muoronatus,  p.  209. 

^*.  Mouth  plates  not  inclosed;  subambulacral  spines  few  or  none  (granules 

only) ;  abactinal  granules  at  best  only  incipiently  mucronate,  and  these 

f^w  in  number, 

c^.  Five  longitudinal  series  of  abactinal  radial  plates  with  the  distal  as 

well  as  proximal  plates  obviously  wider  than  long;  no  marginal  or 

abactinal  pedicellariae ;  inferomarginals  and  superomarginals  wider, 

the  latter  on  rays,  the  former  on  disk;  width  of  ray  as  measured  in 

a\  equaling  first  4  or  5  superomarginals euryplax,  p.  264. 

c^.  Radial  plates  not  so  obviously  wider  than  long,  the  difference  showing 
on  the  proximal  plates  of  the  radial  areas  rather  than  on  the  distal ; 
numerous  abactinal  and  a  few  marginal  pedicellariae;  superomar- 
ginals narrower  on  ray  and  inferomarginals  narrower  on  disk;  ray 

measured  as  in  a\  equaling  first  8)  superomarginals dyscritus,  p.  266. 

0^.  Marginal  mouth  spines  8  to  15  (if  the  lowest  number,  or  exceptionally  less, 
then  rays  also  very  slender  throughout), 
ft^.  Abactinal  radial  plates  conspicuously  wider  than  long  (much  as  in  mucro- 

naiiu) ;  rays  very  slender leptodomua,  p.  272. 

d*.  Abactinal  radial  plates  roundish  or  hexagonal,  not  conspicuously  broader 
than  long, 
c".  Second  superomarginals  meeting  in  median  line  across  ray  (4  supero- 
marginals in  each  interbrachium)  ;  inferomarginals  of  ray  very  nar- 
row and  long,  the  length  at  middle  of  ray  exceedinjc  the  height 
(or  thickness)  of  lateral  face  of  ray;  rays  slender  and  delicate;  oral 

spines,  10  or  0 atopus,  p.  285. 

c*.  Fourth,  fifth,  and  sixth  superomarginals  meeting  in  median  Hue  across 
ray   (sometimes  third  in  young  specimens),  and  therefore  6  to  12 
superomarginals  to  each  interbrachium)  ;  length  of  inferomarginals 
at  middle  of  ray  equal  to  or  less  than  height  of  lateral  face  of  ray. 
(f.  Ray  broader  at  base,  measured  as  in  a^  equaling  first  4i  superomar- 
ginals; superomarginals  very  broad,  not  tumid;  oral  spines,  10  to 
12 ;  furrow  spines  10 ;  inf eromarginal  plates  of  interbrachia  extend- 
ing lateraUy  beyond  superomarginals moluccanua,  p.  274. 

df.  Ray  narrower  at  base,  measured  as  in  a\  equaling  first  3  to  4  supero- 
marginals; if  approaching  d\  then  superomarginals  tumid;  in  in- 
terbrachia superomarginal  plates  extending  laterally  beyond  infero- 
marginals. 
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e*.  Marginal  plates  Individually  tumid;  no  adambulacral  pedicellarlae; 
mouth   spines  9  or   10;   furrow  spines  9   to  11  at  middle  of 

ray arthrocnemU,  p.  277. 

e".  Marginal  plates  not  Individually  tumid;  adambulacral  pedicellarlae; 

furrow  spines  at  ndddle  of  ray  more  than  11. 

f.  Dorsolateral  angle  of  ray  about  90",  square  cut;  dorsal  surface 

plane;  marginal  granulation  closer;  sixth  and  sometimes  fifth 

superomarglnal  longer  than  width  of  its  dorsal  surface;  10 

inferomarglnals    corresponding    to    about    16    adambulacrals; 

mouth  spines  9  to  11 meseres,  p.  280. 

f.  Dorsolateral  angle  of  ray  more  rounded,  the  dorsal  surface  being 
convex ;  marginal  granules  more  spaced ;  ninth  or  tenth  supero- 
marglnal longer  than  width  of  Its  dorsal  surface;  10  infero- 
marglnals corresponding  to  13  or  14  adambulacrals;  mouth 
spines  12  to  15 hahrotatus,  p.  282. 

NYMPHASTER  EURYPLAX  Fisher. 

Plate  63,  fig.  3 ;  plate  72,  fig.  2 ;  plate  92,  figs.'  6,  6a. 
Nymphaster  euryplax  Fisher,  1913a,  p.  634. 

Diagnosis, — Greneral  form,  similar  to  that  of  N.  diomedeae  Ludwig 
and  N,  temalis  (Perrier),  but  superomarginals  with  plane  abactinal 
surface,  not  tumid ;  rays  broad  at  base  and  actinal  surface  conspicu- 
ously wider  than  abactinal,  the  edges  between  the  4  faces  of  the  ray 
being  abruptly  angular,  disk  arcuately  pentagonal,  gradually  merg- 
ing into  rays  at  corners ;  extreme  width  of  ray,  measured  at  proximal 
suture  of  the  first  pair  of  superomarginals  which  meet  medially, 
equaling  length  of  first  4  or  5  superomarginals,  measured  on  ambitus; 
inferomarginals  broad;  rays  not  sunlcen  along  median  radial  line; 
inferomarglnals  broader  than  superomarginals  on  disk,  but  narrower 
on  ray ;  radial  and  adradial  abactinal  plates  broader  than  long,  hex- 
agonal, elliptical,  and  lozenge-shape ;  adambulacral  plates  with  very 
strong  furrow  angle  and  9  or  10  furrow  spines,  the  apices  of  the 
angles  of  opposite  plates  meeting  in  middle  of  furrow  and  segregat- 
ing consecutive  pairs  of  tube  feet  beyond  proximal  fourth  of  furrow; 
mouth  plates  with  6  to  8  marginal  spines;  no  pedicellarlae  except 
rarely  on  the  first  few  adambulacral  plates.  E=slightly  over  95 
mm.  (ray  broken),  r=27  mm.    E=a  little  over  4  r. 

Description. — ^Abactinal  area  arcuately  pentagonal  in  shape;  peta- 
loid  papular  areas  broad,  the  extreme  width  comprising  about  10  to 
12  longitudinal  series  of  plates;  plates  rather  compactly  placed, 
those  of  radial  and  2  adradial  series  much  wider  than  long,  hexago- 
nal, lozenge-shaped  or  rather  pointed  ellipitical,  the  others  of  the 
papular  areas  roundish  or  subhexagonal,  often  slightly  wider  than 
long.  A  large  radial  plate  has  5  to  12  central,  low,  subspherical 
uncrowded  granules  and  upward  of  20  squarish  depressed  periph- 
eral granules  a  trifle  smaller.  On  the  lateral  parts  of  papular  areas 
the  central  granules  become  more  convex  with  a  short  incipient 
mucronate  tip;  interradial  granules  flat-topped.     No  pedicellariae. 
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Inferomarginal  plates  broad,  wider  than  high,  with  an  abrupt 
nearly  right  angle  between  the  2  facets  of  the  plate ;  plates  increas- 
ing in  width  up  to  the  fifth,  which  at  its  distal  end  meets  its  fellow 
of  the  other  side  of  ray  in  the  median  line;  thence  the  plates  de- 
crease in  width.  The  abactinal  surface  of  ray  is  nearly  plane  but  in 
interbrachium  the  plates  form  a  slight  bevel.  Width  of  dorsal 
surface  equals  length  of  the  seventh  or  eighth  to  fifteenth,  varying 
on  different  rays.  Covering  of  plates  consists  of  depressed,  sub- 
circular,  convex  granules,  slightly  spaced,  and  similar  in  size  to  ad- 
jacent abactinal  granules,  but  decreasing  very  gradually  in  size 
toward  end  of  ray. 

Inferomarginals  extending  laterally  beyond  superomarginals  ex- 
cept on  attenuate  terminal  portion  of  ray,  the  sutural  line  between 
the  2  series  being  at  the  bottom  of  a  shallow  sulcus  of  which  the  lat- 
eral faces  of  the  2  series  form  the  sides.  Ventral  face  of  plates  broad 
m  interbrachia — about  8  times  height — ^but  they  rapidly  become  nar- 
rower, and  at  middle  of  ray  the  ventral  facet  changes  from  square 
to  slightly  longer  than  wide,  10  inferomarginals  equaling  18  adam- 
bulacral  plates;  the  plates  are  not  conspicuously  long  as  in  some 
species.  Granules  small,  depressed,  hemispherical,  except  2  or  3 
peripheral  series  which  are  acorn-shaped  with  a  mucronate  tip.  In 
interbrachium  in  the  angle  between  the  2  facets  the  granules  are 
much  enlarged,  subtubercular,  acorn-shaped,  with  a  sharp  tip. 

Addnal  intermediate  plates  extend  to  fifth  inferomarginal  and  are 
arranged  in  series  parallel  to  furrow ;  each  series  with  an  odd  inter- 
radial  plate,  and  there  are  5  of  these  plates  between  mouth  plates 
and  margin.  Granules  low,  acorn-shaped,  slightly  spaced,  nearly 
uniform  in  size.    No  pedicellariae. 

First  2  or  8  adambulacral  plates  with  5  or  6  furrow  spines,  blunt, 
nearly  equal,  slightly  compressed,  then  the  plates  gradually  attain 
first  a  convex  then  a  strongly  angular  margin,  and  the  furrow 
spines  increase  to  9  (less  often  10) ,  the  8  to  5  median,  nearest  apex 
of  angle  being  more  slightly  built,  compressed,  with  edge  to  furrow, 
the  2  to  8  at  either  end  of  series  being  stouter,  sublanceolate,  blunt, 
with  flat  side  to  furrow.  Subambulacral  granules  8  to  16,  in  2  or  3 
series  on  outer  part  of  ray,  but  not  so  regularly  arranged,  as  a  rule, 
proximally.  The  outer  granules  are  subcorneal  or  acorn-shaped,  but 
a  series  of  2,  8  or  even  more  back  of  the  furrow  spines  are  longer, 
slightly  flattened,  and  rather  tubercular  in  form.  It  seems  to  be 
from  these  spines  that  the  extra  furrow  spines  are  recruited,  the 
original  furrow  spines  remaining  at  the  center  of  series.  A  very  few 
pedicellariae  with  2  curved  spiniform  jaws  are  present  at  the  base 
of  the  series  and  are  not  of  regular  occurrence. 
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Mouth  plates  small  with  short  furrow  margin.  Marginal  spines 
6  to  8,  usually  7  or  6,  and  similar  to  adambulacral  furrow  spines, 
only  a  little  heavier.  Suboral  spines  about  10-12  in  2  series,  along 
the  2  remaining  edges  of  the  triangular  plates,  and  granuliform 
near  the  outer  end  of  plate.  The  spines  are  graduated  regularly  in 
size  away  from  the  furrow  margin. 

Madreporic  body  small,  irregularly  hexagonal,  about  one-fourth  r 
from  center. 

rypa.— Cat.  No.  80542,  U.S.N.M. 

Type-locality. — Station  5516,  Mindanao  Sea,  off  Point  Tagolo, 
Mindanao,  175  fathoms,  globigerina ;  1  specimen. 

Remarks. — ^This  species,  which  in  form  resembles  N.  diomedeas 
Ludwig  from  the  Gulf  of  Panama  region,  differs  in  having  more 
numerous  adambulacral  furrow  spines,  marginal  plates  which  are 
not  tumid,  inferomarginals  extending  laterally  beyond  superomargi- 
nals,  enlarged  subambulacral  granules,  and  a  finer  actinal  granula- 
tion. The  abactinal  plates  of  the  papular  area  seem  to  be  broader 
and  lower,  and  lack  pedicellariae.  N.  euryplaw  closely  resembles  N. 
belU  (Koehler)  from  250  fathoms  off  the  Andaman  Islands.  It  agrees 
in  having  the  radial  and  adradial  abactinal  plates  much  broader  than 
long,  in  having  the  ray  broad  at  the  base,  with  the  fifth  superomar- 
ginal  conspicuously  enlarged  and  in  contact  medially,  and  in  the 
general  absence  of  abactinal  pedicellariae,  but  differs  in  having  the 
inferomarginals  extending  laterally  beyong  the  superomarginals.  so 
that  the  actinal  surface  is  wider  than  the  abactinal.  This  character 
also  separates  N.  euryplax  from  N.  Ivdwigi  Koehler  and  the  species 
identified  by  Koehler  (1909,  p.  54)  as  N.  temalis  (Perrier),  neither 
of  which,  in  addition,  have  the  wide  abactinal  plates.  Further.  .V. 
euryplax  differs  from  belli  in  having  longer,  stouter,  rays;  the 
2  or  3  series  of  abactinal  plates  parallel  to  the  adradial  are  not  so 
wide  in  proportion  to  length — are  nearly  round  and  have  more 
numerous  granules;  the  madreporic  body  is  surrounded  by  6  plates, 
not  4;  the  first  row  of  suboral  granules  is  enlarged  into  spines;  the 
furrow  spines  are  9  or  10  at  the  middle  of  ray  (Koehler  gives  7  or  8 
for  beUi^  but  possibly  he  referred  only  to  the  proximal  plates,  where 
in  euryplax  there  are  at  first  5  or  6,  then  7  or  8,  and  finally  a  maxi- 
mum of  9  or  10).  ^ 

NTMPHASTER  DYSCIUTUS  ] 


Plate  62,  fig.  2 ;  plate  65,  fig.  8 ;  plate  02,  figs.  5,  fktr-b. 

Nymphatter  dyscritus  Fisher,  1913a,  p.  635. 

Diagnosis. — ^Differing  from  N.  euryplax  in  having  less  obviously 
widened  abactinal  radial  plates,  slightly  narrower  superomarginals, 
the  sixth  being  as  long  as  or  longer  than  wide  (eighth  to  sixteenth  in 
euryplax)   when  viewed  directly  from  above;  numerous  abactinal 
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pedicellariae,  a  few  superomarginal,  inferomarginal,  and  actinal  in- 
termediate pedicellariae;  narrower  inferomarginal  plates  in  the  in- 
terbrachia ;  slightly  coarser  actinal  intermediate  granules.  Eays  at 
inner  end  of  first  pair  of  superomarginals  which  meet  medially  as 
wide  as  length  of  first  3.5  superomarginals  measured  on  ambitus; 
interbrachia  arcuate;  dorsal  surface  of  ray  nearly  plane  with  abrupt 
angles  on  the  margin  of  disk  and  ray.  R=probably  nearly  4  r; 
r=:23  mm. ;  breadth  of  ray  at  midinterbrachium,  26  mm. 

Description. — General  appearance  is  much  like  that  of  N.  moluO' 
canus,  and  also  similar  to  Koehler's  N.  temalis  from  the  Indian 
region.  The  proximal  radial  and  2  adradial  series  of  marginal  plates 
are  wider  than  long,  but  the  width  gradually  decreases,  so  that  on  the 
distal  half  of  the  papular  areas  the  plates  are  only  slightly  wider 
than  long.  The  granules  are  roundish,  flat-topped,  and  the  central 
are  in  2  or  3  transverse  rows  proximally  and  2  distally  (in  ewryplax 
often  in  only  1  row  distally).  The  largest  radial  plates  have  8  to  11 
central  granules  and  about  15  peripheral.  The  small  2-jawed  pedicel- 
lariae have  a  broad  base  and  a  narrow  spatulate  extremity  and  are 
about  1.5  as  high  as  width  at  base.  Papular  areas  comprising  7  to 
9  longitudinal  series  of  plates. 

Says  broken.  Marginal  plates  with  an  abrupt  angle  at  edge  of 
ray.  Superomarginals  with  fifth  or  sixth  plates  meeting  medially, 
the  interbrachial  plates  only  a  little  wider  than  long,  as  seen  from 
above,  the  sixth  being  as  long  as  or  a  little  longer  than  wide,  the 
subsequent  ones  longer  than  wide.  In  interbrachium,  height  of  plate 
about  one-half  the  width.  A  well-marked  sulcus  all  along  side  of 
ray.  Granules  small,  circular,  truncate,  spaced,  becoming  hemis- 
pherical on  the  lateral  face.  A  small,  slender  pedicellaria  on  most 
of  the  interbrachial  plates  has  2  compressed  jaws,  so  that  when  seen 
from  the  side  it  is  ovate. 

Inferomarginals  narrower  than  in  euryplax^  slightly  arched,  the 
fourth  as  wide  as  long,  as  seen  from  below.  Twenty  or  21  adambula- 
crals  corresponding  to  10  inferomarginals  (18  in  euryplax),  Infero- 
marginals extending  laterally  beyond  superomarginals,  very  slightly 
on  ray,  scarcely  at  all  in  midinterbrachium.  The  lateral  angle,  except 
far  long  ray,  is  less  than  a  right  angle.  Pedicellariae  similar  to  those 
of  superomarginals,  as  are  also  the  granules,  these  becoming  coarser 
on  the  exposed  angle  of  ray.  Granules  of  actinal  surface  are  hemis- 
pherical as  on  the  lateral  face. 

Actinal  intermediate  plates  in  5  chevrons,  with  coarse  spaced  hemis- 
pherical granules,  fewer  and  larger  than  in  euryplax^  and  larger  in 
center  of  plate,  as  in  mucronatus.  One  or  two  slender  pedicellariae 
present  at  base  of  ray. 

Adambulacral  plates  similar  to  those  of  euryplax^  the  apophysis 
appearing  on  the  first  plate,  but  not  becoming  conspicuous  for  5  or  6 
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more  plates.  The  first  plate  has  5  or  6  furrow  spines,  which  in- 
crease to  10,  the  laterals  being  broader  than  the  2  or  3  mesial  spines, 
which  are  compressed  to  an  even  thickness,  but  are  slightly  tapering 
and  round-tipped  when  seen  from  the  side,  as  indeed  are  the  laterals. 
Subambulacral  granules  10  to  14,  in  about  three  series,  the  inner 
slightly  longer  than  the  outer.  The  first  few  plates  have  a  pedi- 
cellaria,  with  two  or  three  coarse  tapering,  slightly  curved,  bluntly 
pointed  spiniform  jaws. 

Mouth  plates  small,  with  7,  rarely  8,  marginal  prismatic  spines, 
and  about  8  pointed  tubercular  prismatic  or  4-sided  oral  spines  in  a 
single  row  on  inner  end  of  plate,  becoming  2  rows  of  granules  on 
outer  end. 

Madreporic  body  pentagonal,  surrounded  by  5  plates,  situated  one- 
quarter  r  from  center. 

Type.— C€it.  No.  80548,  U.S.N Jtf. 

Type-locality. — Station  5586,  between  Negros  and  Siquijor  Islands, 
Philippine  Islands,  279  fathoms,  green  mud,  bottom  temperature 
58.5*'  F.;  1  specimen. 

Distribution. — ^Mindanao  Sea,  between  Negros,  Siquijor,  and  Min- 
danao. 

Specimens  examined. — ^The  type  and  a  young  example  from  station 
5541,  off  Point  Tagolo,  northern  Mindanao,  219  fathoms,  fine  sand, 
broken  shells,  bottom  temperature  58.5^  F. 

Remarks. — ^It  is  not  possible  with  the  material  at  my  disposal  to 
decide  whether  this  is  a  distinct  species  or  a  variety  of  N.  euryplax. 
Although  N.  eu/ryplax^  N.  mucronatus^  and  N.  dyscritus  appear 
different  enough,  yet  each  is  represented  by  but  a  simple  adult  speci- 
men. The  course  taken  seems  best  even  if  it  is  later  established  that 
they  are  8  phases  of  one  species.  The  characters  used  to  discriminate 
them  are  the  same  that  have  been  employed  in  separating  other  forms 
represented  by  several  examples.  The  range  of  variation  in  Nym- 
phaster  is  not  yet  well  understood. 

N.  dyscrilus  differs  from  N.  temalis  Perrier  in  having  less  tumid 
marginal  plates,  smaller  abactinal  radial  plates,  a  sharper,  more 
abrupt  angle  to  margin  of  ray,  longer  superomarginals  in  proportion 
to  their  width  (on  ray),  and  in  having  the  marginal  apophysis  on  all 
the  adambulacral  plates  (although  not  conspicuous  on  the  first  half 
dozen).  N.  dyscritw  greatly  resembles  N.  temalis  of  Koehler  (but 
not  of  Perrier)  from  the  Indian  region,  and  I  shall  not  be  surprised 
if  they  ultimately  turn  out  to  be  races  of  the  same  species.  Koehler's 
species  has  more  regularly  hexagonal  abactinal  plates,  8  adambulacral 
furrow  spines  (maximum?),  more  numerous  adambulacral  pedi- 
cellariae  (easily  a  variable  character),  8  or  9  mouth  spines,  and  the 
apophysis  commences  between  the  third  or  fourth  and  fifteenth 
adambulacral  plate,  varying  on  different  specimens.  These  differences 
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are  not  very  great.  N.  mucronatus  differs  in  the  form  of  its  peculiar 
granules  as  well  as  in  having  wider  plates,  no  abactinal  or  marginal 
pedicellariae,  conspicuous  subambulacral  spines,  smaller  mouth  plates 
indosed  by  the  first  adambulacrals,  and  more  flaring  sides  to  the 
rays.  N.  leptodomus  has  conspicuously  narrower  rays,  less  massive 
marginals,  and  a  generally  more  delicate  habit.  N.  molucoanus 
differs  in  having  more  symmetrical  hexagonal  abactinal  radial  plates, 
wider  superomarginals,  no  abactinal  or  marginal  pedicellariae,  10  or 
12  mouth  spines,  more  numerous  and  compact  subambulacral  granules, 
and  more  uniform  actinal  intermediate  granules. 

Nymphaster  gardineri  (Bell)*  from  Saya  de  Malha  Bank,  western 
Indian  Ocean,  125  fathoms,  is  perhaps  related  to  this  species.  I 
liave  examined  the  type  in  the  British  Museum,  but,  of  course,  was 
unable  to  compare  it  directly  with  dyscritvs.  It  resembles  dyacrUvs 
m  general  form  and,  like  it,  has  few  mouth  spines  (only  6  or  6  in 
the  marginal  series),  but  differs  in  having  the  superomarginals  of 
disk  and  ray  up  to  the  seventh  or  eighth  beveled  in  such  a  way  that 
they  slope  off  from  the  median  line  of  the  proximal  part  of  ray,  as 
in  habrotatus.  The  dorsal  edge  of  disk  and  ray  is  rounded,  but 
beyond  the  eighth  superomarginal  the  ray  becomes  squarish  in  section. 
Furrow  spines  8  (6  on  proximal  plates)  the  apophysis  of  the  plate 
not  well  marked  until  the  ray  proper  conmiences.  On  the  surface 
of  the  adambulacrals  are  4  spines  slightly  shorter  than  the  furrow 
spines,  and  external  to  these,  about  2  rows  of  granules  with  8  in 
each  row,  or  aji  ellipse  of  6.  The  inferomarginals  are  wider  than 
long  up  to  the  seventh  (or  sixth) ,  then  a  plate  is  square  (seventh  or 
eighth),  beyond  which  the  actinal  face  of  the  plates  is  much  longer 
than  wide.  In  10  inferomarginals,  beginning  with  the  sixth,  there 
are  16  to  18  adambulacral  plates.  No  well-marked  subambulacral 
spine  on  outer  part  of  ray.  The  median  row  of  paxillae  ^^trans- 
versely "  hexagonal,  the  granules  being  smooth  and  even.  The  sixth 
superomarginal  meets  its  fellow  across  ray,  while  the  fifth  is  the 
widest 

N.  gardineri  falls  under  a*  of  the  key,  but  does  not  have  the  broad- 
ened radial  plates  of  euryplaw  nor  the  mucronate  granules  of  mucron" 
atw. 

NYMPHASTER    MUCRONATUS    Fisher. 

Plate  63,  figs.  1,  2 ;  plate  68,  fig.  6 ;  plate  69,  fig.  6 ;  plate  92,  figs.  1,  la. 

Nymphaster  mucronatus  Fisheb,  1918a,  p.  636. 

Diagnosis. — ^Very  similar  to  N.  ev/ryplax  in  general  form  and  in 
having  the  radial  plates  wider  than  long,  but  differing  in  having 
much  less  compact  radial  plates  with  fewer  and  mucronate  granules; 

^  /eoniMt«r  gardineri  Bell,  Trans.  Linn.  Soc.  Lond.,  1909-10,  toI.  18,  Zool.,  p.  22. 
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larger  madreporic  body;  narrower  inf eromarginals ;  coarser,  and 
more  tuberculate,  sometimes  mucronate,  unequal,  actinal  intermediate 
granules;  smaller  mouth  plates,  with  the  first  adambulacrals  nearly 
or  quite  meeting  behind  them ;  many  of  the  subambulacral  spines  of 
conspicuous  size,  and  graduated  into  the  tubercular  granules  of  the 
actinal  intermediate  plates.  Rays  broad  at  base,  the  width  at  inner 
end  of  the  first  2  superomarginals  which  meet  medially  equaling 
first  4  superomarginals  measured  on  ambitus;  interbrachia  arcuate; 
inf  eromarginals  defining  contour  of  ray;  dorsal  surface  of  ray 
nearly  plane ;  normal  marginal  plates  not  tumid,  though  inf  eromar- 
ginals with  slightly  arched  ventral  surface;  adambulacral  furrow 
spines  4  or  5  on  first  few  plates,  these  gradually  increasing  to  9  or  10; 
oral  spines  6  or  7.  R=101  mm.,  r=30  mm.,  R=3.4  r;  breadth  of 
ray  at  midinterbrachium,  84  mm. 

Description. — Abactinal  plates  small,  the  radial  being  elliptical 
and  much  wider  than  long;  the  median  radial  plates  with  1  or  some- 
times 2  transverse  rows  of  subglobular  granules  (4  to  8  in  number), 
surrounded  by  a  not  very  regular  peripheral  series  of  about  15  to  18. 
Most  of  the  granules  of  these  as  well  as  of  other  abactinal  plates 
have  a  peculiar  form;  it  is  subglobular  with  often  4  or  5  faces, 
slightly  broader  at  tip  than  base,  and  from  the  middle  arises  a 
slender,  sharp  spine  or  mucro,  often  half  as  long  as  the  granule,  or 
rarely  longer.  Many  granules  do  not  have  the  mucronate  tip,  while 
in  others  there  is  a  slight  indication  of  it.  Some  of  the  radial  gran- 
ules of  N.  euryplax  have  a  rudimentary  mucronate  tip,  and  the 
plates  are  larger  and  more  compactly  placed.  Papular  areas  broad, 
comprising  about  18  longitudinal  series,  the  interradial  areas,  cor- 
respondingly small  and  with  about  5  chevrons  of  4-sided  plates. 
Abactinal  area  within  the  marginal  plates  stellato-pentagonal.  No 
abactinal  pedicellariae. 

Superomarginals  29,  massive,  the  lateral  face  visible  from  above, 
and  the  rounded  angle  between  the  2  facets  of  the  plate  more  than 
a  right  angle.  The  plates  encroach  conspicuously  upon  the  abactinal 
area  and  are  slightly  beveled  in  the  interbrachia.  Fifth  or  sixth 
plates  the  largest  and  meeting  medially ;  sometimes  a  fifth  meets  a 
sixth  of  the  other  side.  Length  of  twenty-second  plate  equal  to 
chord  of  width,  all  the  others  wider  than  long;  length  of  seventh 
plate  equal  to  width  of  abactinal  surface;  the  fifth  and  sixth  are 
wider  than  long  and  the  first  to  fourth  vary  from  a  little  wider  than 
long  to  a  little  narrower,  with  regard  to  the  dorsal  surface.  Granules 
slightly  spaced  (more  so  on  arm  than  disk)  similar  to  abactinal  inter- 
radial granules,  but  the  mucronate  tip  present  only  on  lateral  face 
of  ray  where  the  granules  resemble  miniature  acorns.  No  marginal 
pedicellariae.    Terminal  plate  ovoid,  about  as  wide  as  long. 
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Inferomarginals  extending  laterally  beyond  superomarginals  more 
than  in  euryplax^  but  the  plates  narrower  actinally,  the  fourth  being 
longer  than  wide  as  seen  from  below  (eighth  or  ninth  in  euryplax)^ 
10  plates  near  middle  of  ray  corresponding  to  16  adambulacrals 
(about  18  in  euryplax).  Granules  slightly  coarser  than  in  eurypldx. 
acorn-shaped,  with  short  mucronate  tips,  and  not  conspicuously  en- 
larged on  ambitus  as  in  euryplax. 

Actinal  interradial  areas  large;  plates  in  5  chevrons,  rather  ir- 
regular, covered  with  acorn-shaped,  pointed  granules  conspicuously 
larger  in  middle  of  plate  than  cm  margins,  and  increasing  in  size 
from  marginal  plates  toward  furrow ;  a  few  are  submucronate.  In 
ewryplasB  the  granules  are  smaller,  uniform  in  size,  and  less  tubercu- 
lar. 

Adambulacrals  with  a  slight  angle  on  the  third  plate  which  in- 
creases gradually  on  each  succeeding  plate,  becoming  fairly  promi- 
nent on  the  ninth  or  tenth,  but  not  meeting  across  the  furrow  until 
the  middle  of  ray.  This  is  due,  of  course,  partly  to  the  furrow  being 
more  open  than  in  some  other  species;  the  plates  are  not  less  promi- 
nent than  in  &wryplaa.  First  few  plates  with  4  or  5  prismatic  or 
4-sided  spines,  these  gradually  increasing  to  9  or  10,  the  median 
being  compressed,  broad,  and  bladelike  with  the  edge  of  furrow, 
The  laterals  round-tipped  with  flat  side  to  furrow.  Proximally  the 
median  spines  are  larger  than  the  laterals,  but  far  along  the  ray  they 
decrease  in  size  and  the  distal  spines  are  conspicuously  stouter  and 
wider,  though  not  longer.  Plates  are  at  first  wider  than  long,  then 
for  a  considerable  distance  about  as  long  as  wide,  then  longer  than 
wide.  Subambulacral  spines  and  granules  at  first  7  or  8  increasing 
to  15  or  18,  arranged  in  at  first  3,  then  3  or  4,  and  finally  3  series, 
although  often  a  serial  arrangement  is  hard  to  make  out.  At  the 
base  of  the  furrow  most  of  the  subambulacrals  are  thick  tubercular 
spines  of  several  lengths,  and  tubercular  granules  here  and  there  at 
outer  end  of  plate.  Farther  along,  the  inner  row,  and  the  median 
members  of  the  second,  are  enlarged  into  stout  spines,  nearly  or 
quite  as  long  as  the  furrow  spines,  while  the  others  grade  off  into 
the  tubercular  granules  of  the  actinal  area ;  far  along  ray  only  the 
row  nearest  furrow  margin  is  enlarged,  while  the  outermost  granules 
'  are  slightly  mucronate.  •  No  adambulacral  pedicellariae. 

Mouth  plates  unusually  small  and  narrow,  the  2  first  adambulacrals 
nearly  or  quite  meeting  at  their  outer  ends,  behind  the  mouth  plates. 
Furrow  spines  6  or  7,  stout,  prismatic.  Suboral  spines  about  8,  thick, 
blunt,  in  a  single  irregular  series. 

Madreporic  body  large,  about  twice  as  broad  as  the  widest  radial 
plate;  6  plates  are  immediately  adjacent,  while  2  others  encroach 
upon  it. 

Type.—C9t.  No.  80544,  U.S.N.M. 
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Type-locality. — Station  6116,  mouth  of  Balayan  Bay,  Luzon  (off 
Verde  Island  Passage,  north  coast  of  Mindoro),  200  fathoms,  bottom 
temperature,  60.2**  F. 

Remarks. — Although  this  species  resembles  N.  euryplaoi  in  many 
ways,  it  presents  numerous  points  of  difference  which  have  already 
been  mentioned  in  the  diagnosis  and  description.  The  most  con- 
spicuous of  these  are  the  smaller  and  much  less  compact  abactinal 
plates  with  their  mucronate  granules,  the  narrower  inferomarginals, 
coarser  and  unequal  actinal  intermediate  granules,  the  very  small 
mouth  plates,  and  the  enlarged  subambulacral  spines. 

N.  mucronatua  differs  from  N.  belli,  to  which  the  form  of  the  radial 
plates  would  ally  it,  in  having  mucronate  granules,  larger  madreporic 
body  surrounded  by  6  plates,  inferomarginals  extending  laterally 
beyond  superomarginals,  larger,  unequal  acorn-shaped,  often  incipi- 
ently  mucronate,  actinal  intermediate  granules,  smaller  mouth  plates, 
and  numerous  stout  subambulacral  spines. 

NYMPHASTEB  LEPTODOMUS  Fiaber. 

Plate  66,  fig.  1;  plate  67,  fig.  1;  plate  68,  fig.  3;  plate  69,  fig.  3;  plate  d2, 

figs.  2,  Ta-b. 

Nvmphaster  leptodomus  Fishes,  1913a,  p.  637. 

Diagnosis. — In  the  form  of  the  abactinal  plates  resembling  A\ 
miLcronatus,  but  differing  in  having  longer,  slenderer  rays,  narrower 
superomarginals,  inferomarginals  extending  little  or  not  at  all  be- 
yond superomarginals,  subspherical,  depressed,  sometimes  truncate 
abactinal  granules,  abactinal,  spatulate  pedicellariae,  larger  mouth 
plates,  8  to  10  oral  spines,  adambulacral  pedicellariae,  and  no  con- 
spicuously enlarged  subambulacral  spines.  Ray  very  slender,  vary- 
ing from  plane  to  convex  above,  the  width  at  inner  end  of  the  first 
pair  of  superomarginals  which  meet  medially  equal  to  length  of  first 
3  superomarginals  measured  along  side ;  adambulacral  furrow  spines 
proximally  6,  distally  10  or  11.  R=70  mm.,  r=17.5  mm.,  R=4  r; 
breadth  of  ray  at  midinterbrachium,  20  mm. 

Description. — ^Abactinal  area  arcuate-pentagonal  to  stellato-pentag- 
onal.  Radial  plates  broader  than  long,  at  least  for  the  5  median 
rows,  the  midradial  the  broadest,  elliptical* to  broadly  hexagonal  or 
lozenge-shaped,  with  a  variable  number  (usually  small,  2  to  6)  of 
spaced  central  granules  in  1  or  (proximally)  2  transverse  rows,  and 
15  to  18  slightly  smaller  peripheral  granules.  These  granules  are 
variable  in  form,  convex,  or  truncate,  roundish.  Many  of  the  radial 
plates  have  a  narrow  spatulate  2-jawed  pedicellaria,  the  jaws,  when 
open,  reaching  nearly  across  the  plate.  Papular  areas  broad,  peta- 
loid,  comprising  9  to  11  longitudinal  series  of  plates.  Interradial 
areas  small,  with  small  four-sided  or  five-sided  not  very  regular 
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plates  with  small  spaced  granules.  Viewed  from  the  imier  or  coelomic 
side  the  abactinal  plates  form  very  regular  longitudinal  series,  those 
of  the  median  radial  being  conspicuously  the  largest.  Most  of  the 
plates  are  provided  with  short  lobes,  but  they  are  of  irregular  occur- 
rence.   On  many  of  the  median  radial  plates  there  are  6  short  lobes. 

Superomarginal  plates  narrow  abactinally,  the  sixth  meeting  its 
fellow  in  the  median  line  of  ray.  Interbrachial  plates  forming  a 
slight  to  decided,  narrow,  bevel ;  fifth  and  sixth  the  largest  of  series ; 
dorsal  surface  of  first  4  plates  about  as  wide  or  slightly  narrower 
than  long;  fifth  and  sixth  slightly  wider  than  long,  and  then  the 
width  gradually  decreases,.the  plates  from  the  eighth  being  longer 
than  wide.  Edge  of  ray  an  abrupt,  rounded,  right  angle,  the  height 
of  plates  being  a  little  more^  than  half  the  width  (and  on  ray  rela- 
tively lower  than  in  mucroncUus) .  Granules  slightly  spaced,  sub- 
spherical,  becoming  low  conical  on  the  lateral  face  of  plate.  Ter^ 
minal  plate  small,  ovoid,  about  as  wide  as  long,  pointed  proximally, 
and  rounded  distally. 

Inferomarginals  narrow,  the  second,  viewed  from  below,  as  wide 
as  long,  and  the  succeeding  ones  increasingly  longer  than  wide.  On 
the  outer  half  of  ray  the  plates  are  extremely  narrow  actinally,  the 
surface  being  rather  evenly  rounded  between  the  inner  and  outer 
edge  of  the  plate.  Ninth  to  nineteenth  inferomarginals  (10  nearest 
middle  of  ray)  corresponding  to  14  adambulacrals.  Granules  coarser 
on  actinal  than  on  lateral  face,  subspherical  to  depressed  acorn  shape. 
In  the  interbrachia  of  the  type-specimen  some  of  the  lateral  granules 
are  submucronate. 

Actinal  intermediate  plates  in  4  chevrons,  with  an  odd  plate  in 
the  interradius.  Granules  fairly  coarse,  spaced,  the  central  slightly 
the  largest,  and  in  form  depressed  conical  or  acorn-shaped.  A 
variety  has  smaller  more  spaced  granules. 

Apophysis  or  projecting  angle  appearing  on  the  first  or  the  second 
adambulacral  and  becoming  prominent  on  the  fifth  or  sixth.  First 
and  second  plates  with  6  furrow  spines,  which  increase  on  the  ray 
to  10  or  11,  the  lateral  members  being  often  granuliform,  the  others 
of  the  usual  shape,  the  median  compressed  with  edge  to  furrow,  and 
the  distal  3  or  4  with  flat  side  thereto.  Subambulacral  granules, 
acorn-shaped,  6  to  12  in  2  or  3  series  proximally,  and  2  distally,  1  or  2 
granules  in  the  inner  angle  being  slightly  enlarged.  Many  of  the 
plates  as  far  as  middle  of  ray  have  a  rather  conspicuous  pedicellaria 
with  2  or  3  incurved  jaws  situated  on  the  inner  part  of  the  plate. 

Mouth  plates  with  8  ta  10  marginal  and  about  the  same  number 
of  suboral  spines,  the  former  compressed,  the  latter  more  conical, 
and  graduated  in  length  to  conical  granules  on  the  outer  end  of 
plate.    The  plates  seem  to  be  larger  than  in  mucronatus^  but  as  the 
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specimens  of  leptodorwus  are  all  smaller  the  difference  may  not  be 
reliable.  The  first  adambulacrals  do  not  touch  behind  the  mouth 
plates. 

Madreporic  body  variable  but  fairly  to  decidedly  large,  suri 
rounded  by  6,  7,  or  8  plates  and  situated  about  one-third  the  dis- 
tance from  center  to  ambitus. 

I  have  examined  this  species  for  rudimentary  superambulacral 
plates,  but  can  find  none.  Oonads  in  1  tuft  on  either  side  of  the 
membranous  interradial  septum. 

Variations. — One  of  the  specimens  from  the  type-locality  diflpers 
from  the  others  in  having  a  larger  madreporic  body,  more  convex 
rays  dorsally,  but  as  the  details  of  structure  fit  this  species  well  I 
have  considered  it  an  extreme  variant 

Type.— Cd^t.  No.  80646,  U.S.N.M. 
^  Type-locaUty. — Station  6216,  between  Burias  and  Luzon,  216  fath- 
oms, green  mud,  bottom  temparture  63.1^  F. ;  5  specimens. 

Distribution. — ^Known  only  from  region  between  Burias  and 
Luzon. 

Specimens  exandned. — ^In  addition  to  the  type,  6  from  station 
6388,  between  Burias  and  Luzon,  226  fathoms,  soft  green  mud,  bot- 
tom temperature  61.4**  F. 

Remarks. — N.  leptodomAis  strongly  suggests  N.  mucronatus  on 
account  of  the  form  of  the  abactinal  radial  plates,  but  the  rays  are 
much  narrower.  The  characteristic  mucronate  granules  are  absent 
from  the  abactinal  plates,  there  are  numerous  abactinal  pedicellariae, 
and  the  characteristic  subambulacral  spines  of  mucronatus  are  ab- 
sent. From  N.  belli,  leptodomus  differs  in  having  longer,  narrower 
rays;  numerous  abactinal  and  adambulacral  pedicellariae;  narrower 
superomarginal  plates;  larger  madreporite,  surrounded  by  more  than 
6  plates  (4  in  beUi) ;  a  maximum  of  10  or  11  furrow  spines. 

NTMFHASTER  MOLUCCANUS  Usher. 

Plate  64,  fig.  8;  plate  65,  fig.  2;  plate  68,  fig.  7;  plate  02,  figs.  3,  Bor-b. 
Nymphaster  moluccanus  Fisher,  191Sa,  p.  637. 

Diagnosis. — Similar  in  general  form  to  N.'  euryplaa,  but  radial 
paxillae  smaller,  hexagonal,  and  not  conspicuously  widened:  peta- 
loid  papular  areas  narrower  and  oral  spines  10  to  12;  marginal  plates 
rather  broad ;  ray  broad  at  base,  the  width  at  inner  end  of  the  first 
pair  of  superomarginals  which  meet  medially  equaling  length  of  first 
4^  superomarginals  measured  on  ambitus;  adambulacral  plates  with 
strong  furrow  angle;  minimum  number  of  furrow  spines  at  base  of 
ray  8  or  7;  maximum  number  10  (rarely  11).  E=86  mm.,  r=21.5 
mm. ;  breadth  of  ray  at  midinterbrachium,  26  mm. 

Description. — Abactinal  area  arcuately  pentagonal,  as  in  most 
species;  the  petaloid  papular  areas  narrower  than  in  euryplaa,  com- 
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prising  7  to  9  longitudinal  series  of  plates,  the  plates  themselves 
being  smaller;  triangular  interradial  areas  large,  the  base  comprising 
the  6  median  interbrachial  superomarginals  (about  4  in  euryplax) ; 
plates  of  papular  areas  smaller  than  in  euryplax^  hexagonal,  a  few 
of  the  proximal  median  radials  being  slightly  wider  than  long  and 
some  of  the  laterals  roundish.  Proximal  median  radial  plates  with 
8  to  10  circular  depressed  central  granules  (in  8  transverse  series) 
and  15  or  16  slightly  smaller  peripheral  ones.  A  specimen  from  sta- 
tion 5625  has  2  to  5  central  and  10  to  12  peripheral  on  the  largest 
radial  plates.  Plates  low,  the  top  of  the  granule  being  about  1.5 
times  its  width  above  the  integument.  Interradial  plates  in  regular 
chevrons  pointing  to  center.    No  abactinal  pedicellariae. 

Superomarginal  plates  broad,  very  faintly  convex,  and  with  an 
abrupt  rounded  angle  at  ambitus.  They  form  a  slightly  raised 
border  to  disk,  and  one  which  is  a  trifle  beveled;  fifth  superomar- 
ginals the  largest,  meeting  medially,  the  dimensions  being  shown  by 
the  figures.  Granules,  depressed  hemispherical,  slightly  larger  than 
on  neighboring  abactinal  plates,  slightly  spaced,  with  a  regular 
beadlike  marginal  series.  Superomarginals  28  in  cotype.  Terminal 
plate  longer  than  wide,  the  distal  end  broad  and  subtruncate,  the 
inner  half  of  plate  tapering  to  a  blunt  point. 

Inferomarginals  projecting  slightly  beyond  superomarginals  in 
interbrachia  and  on  base  of  rays,  and  encroaching  inward  toward 
center  of  disk,  interradially  about  as  much  as  superomarginals. 
Fourth  plate  slightly  longer  than  width  of  ventral  face.  The  length 
remaining  the  same  to  about  the  middle  of  ray,  but  the  width  rapidly 
diminishing.  In  euryplaxj  in  which  the  inferomarginals  are  larger, 
the  length  does  not  exceed  the  width  of  the  ventral  facet  until  the 
seventh  or  eighth  plate  is  reached.  The  10  plates  nearest  middle  of 
ray  correspond  to  18  or  19  adambulacrals.  A  shallow  sulcus  along 
the  side  of  ray  and  disk,  not  so  well  marked  as  in  euryplaa.  Gran- 
ules are  hemispherical,  similar  to  those  of  actinal  interradial  areas; 
not  tubecculate  on  ambitus,  as  in  euryplaa.  No  marginal  pedi- 
cellariae. 

Actinal  intermediate  plates  extending  to  fifth  inferomarginal, 
there  being  4  or  5  chevrons  in  each  interradial  area,  with  an  odd 
interradial  plate  at  the  point  of  each  chevron.  Granules  hemi- 
spherical, slightly  spaced  or  touching,  and  increasing  slightly  in  size 
toward  furrow.  One  or  2  small  2-jawed  pedicellariae  are  present  in 
B  interradii. 

First  7  or  8  adambulacrals  of  type  with  8  (rarely  7)  regular,  short, 
blunt,  4-8ided,  slightly  tapering  furrow  spines,  which  increase  to  10 
(rarely  11)  on  the  ray.  In  the  cotype  the  maximum  number  is  13 
or  14.  Angle  on  margin  of  plate  first  shows  at  fourth  or  fifth  plate 
and  rapidly  increases  in  prominence,  the  adoral  facet  of  the  apophy- 
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sis  being  about  two-thirds  the  length  of  the  aboral,  which  is  slightly 
hollowed  out.  The  tube  feet  may  be  separated  by  the  spines,  as  near 
the  mouth  as  the  sixth  or  seventh  plates,  according  to  the  width  of 
furrow  and  position  of  spines.  On  plates  with  a  prominent  angle 
the  median  spines  are  the  longest  and  slenderest,  being  compressed, 
slightly  tapering  and  blunt,  while  the  lateral  spines  are  shorter, 
stouter,  and  blunter  and  have  their  broad  side  to  furrow.  Subambu- 
lacral  granules  15  to  26  in  3,  sometimes  4,  irregular  rows;  outer 
granules  hemispherical,  becoming  somewhat  4-sided  or  prismatic 
toward  the  furrow,  and  in  the  disk  the  innermost  series  is  enlarged 
into  short  tubercular  subprismatic  spines,  which  decrease  in  length 
as  the  base  of  ray  is  approached ;  on  the  ray  there  are  only  granules. 
On  the  disk  a  few  plates  have  a  small  pedicellaria  with  3  slender 
curved  jaws  in  the  inner  series  of  subambulacral  spines  opposite  the 
furrow  angle. 

Mouth  plates  with  11  or  12  furrow  spines  (as  few  as  10)  and  2 
series  of  about  16  suboral  spines  and  granules.  The  furrow  margin,  at 
the  end  of  the  plate,  is  hollowed  out  for  the  first  tube  foot,  so  that  the 
marginal  series  of  spines  is  not  straight  but  in  a  compound  curve. 
Near  the  inner  end  of  the  combined  plates  the  suborals  form  a  double 
series  of  4  to  6  spines,  each  series  diverging  and  running  parallel  to 
the  furrow  margin,  the  outer  half  of  plate  being  occupied  by 
granules. 

Madreporic  body  rather  small,  surrounded  by  6  or  5  plates  and 
situated  one-third  the  distance  from  center  to  inner  edge  of  marginal 
plates. 

ry/?6.— Cat.  No.  30546,  U.S.N.M. 

Type-locality. — Station  5622,  between  Gillolo  and  Makyan  Islands, 
Molucca  Islands,  275  fathoms,  gray  mud ;  1  specimen. 

Distribution. — ^Molucca  Islands,  230  to  275  fathoms. 

Specimens  examined. — ^The  tyi)e  and  a  specimen  from  station  5625; 
between  Gillolo  and  Kayoa  Islands,  230  fathoms  gray  mud,  fine  sand. 

Remarks. — This  species  differs  from  N.  Ivdwigi  (Koehlec)  in  hav- 
ing broader  rays  at  the  base  which  taper  more  abruptly;  more 
numerous  marginals  in  each  interbrachium ;  wider  adambulacrals 
with  3  or  4  rows  of  granules  instead  of  2;  much  more  prominent 
apophyses  proximally  on  the  adambulacral  plates;  a  few.  adambu- 
lacral  and  actinal  intermediate  but  no  marginal  nor  abactinal  pedi- 
cellariae ;  madreporic  body  surroimded  by  6  or  6  plates  instead  of  4. 
The  marginals  of  N.  temaZis  Perrier  are  conspicuously  tumid  and  the 
oral  spines  only  9.  Perrier  states  that  the  apophysis  starts  at  the 
twenty-fourth  adambulacral  plate,  while  in  m/>luccanus  the  angle  is 
well  marked  on  the  fifth  plate  and  is  apparent  even  before  that 
However,  a  specimen  from  the  United  States  National  Museum,  taken 
at  station  2398,  referred  to  N.  temalisy  has  the  apophysis  ("  saiUi^' 
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vertieale^^)  apparent  on  the  third  plate.  This  specimen  has  nar- 
rower rays  than  moluccanus^  larger  radial  plates,  with  more  numer- 
ous granules.  It  is  probably  not  true  ternalia.  Among  the  species 
figured  by  Perrier  (1894)  moluccamu  most  nearly  resembles  in  gen- 
eral appearance  N.  arenatus^  but  the  marginals  are  not  so  wide  in 
proportion  to  length,  there  being  fewer  in  each  interbrachium  than 
in  arenatus;  oral  spines  more  numerous  (9  in  areruUtu) ;  furrow 
spines  more  numerous  (7  in  arenatus) ;  subambulacral  granules  much 
more  numerous.  The  form  of  the  radial  plates  will  separate  moluo- 
canus  from  helU. 

NTMFHASTBB  ABTHBOCNBMI8  flahsr. 

Plate  64,  fig.  1;  plate  65,  fig.  4;  plate  68,  fig.  1;  plate  69,  fig.  1;  plate  92, 

figs.  0,  9<i-&. 

NympJiaster  arthrocnemU  Fisheb,  1918a,  p.  688. 

Diagnosis. — ^In  the  form  of  the  marginal  plates  resembling  N.  ter- 
wUis^  (Perrier)  but  with  smaller  disk,  longer  rays,  smaller  radial 
abactinal  plates,  smaller  papular  areas;  furrow  angle  of  adambula- 
crals  beginning  with  the  third  or  fourth  instead  of  the  twenty-fourth 
plate;  no  adambulacral  and  marginal  pedicellariae.  Marginal 
plates  tumid,  the  median  line  of  ray  depressed  below  the  lateral  angle 
of  superomarginals;  ray  rather  slender  from  the  base,  the  width  at 
inner  end  of  first  pair  of  superomarginals  which  meet  medially 
equaling  length  of  first  4  superomarginals  (or  a  trifle  less) ;  radial 
plates  hexagonal;  mouth  plates  with  9  marginal  spines  and  adam- 
bulacrals  with  at  first  7  furrow  spines  and  at  middle  of  ray  9  to  11, 
nsually  10;  actinal  granulation  coarse;  no  pedicellariae  except  on 
abactinal  plates.  B=:85-f  mm.,  r=21  mm.,  B=over  4  r  (small  por- 
tion of  tip  of  ray  broken) ;  breadth  of  ray  at  midinterbrachium, 
24  mm. 

Description. — ^Abactinal  area,  inside  the  marginal  plates,  nearly 
pentagonal  and  slightly  produced  at  comers.  Abactinal  plates  very 
regularly  arranged,  the  papular  areas  comprising  6  or  7  rows  of 
roundish  hexagonal  plates  and  the  triangular  interradial  areas  about 
7  chevrons  of  squarish  or  polygonal  ones;  or  parallel  with  the  me- 
dian radial  series  are  on  either  side  about  9  series,  of  which  usually 
3  belong  to  the  papular  area ;  basal  or  interradial  plates  conspicuous, 
slightly  larger  than  madreporic  body,  and  containing  about  86  gran- 
ules. The  larger  median  radial  plates  have  10  to  12  central  and 
about  12  to  15  peripheral,  subcircular  (sometimes  subpolygonal) ,  flat- 
topped  or  slightly  convex  granules.  The  adradial  plates  have  com- 
monly 5  to  10  central  granules.  These  granules  are  not  crowded, 
and  a  slight  space  occurs  between  the  central  group  and  the  pe- 

>  Perrier,  1884,  pi.  10,  tg,  1. 
13434— BuU.  100-19 ^19 
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ripheral  series.  The  interradial  are  involved  in  a  thin  membrane. 
The  entire  granulation  of  this  species  is  coarser  than  in  euryplax  and 
moluccanus.  A  few  plates  of  the  papular  areas  have  a  small  pedicel- 
laria  with  2  broadly  spatulate,  almost  truncate  jaws. 

Superomarginals  83-f ,  tumid,  with  an  oblique  abactinal  surface 
on  disk,  and  a  low  lateral  face;  but  beyond  the  fifth,  which  meets  its 
fellow  medially,  the  dorsal  surface  slopes  inward  toward  the  suture 
between  the  2  opposite  series  and  the  lateral  face  is  about  half  as 
high  as  width  of  abactinal.  The  angle  between  the  2  facets  is  less 
than  a  right  angle,  and  the  edge  is  slightly  tumid  and  evenly  roimdcd. 
Also  on  the  side  of  the  ray  the  suture  between  the  2  series  is  in  the 
bottom  of  a  broad  trough,  the  sloping  sides  of  which  are  formed  by 
the  lateral  facets  of  the  2  series.  The  superomarginals  on  disk 
extend  laterally  slightly  beyond  inferomarginals,  and  the  dorsal  sur- 
face of  the  plates  is  wider  than  long  up  to  the  ninth  plate,  on  which 
the  2  dimensions  are  nearly  equal ;  thence  the  width  decreases  faster 
than  the  length.  Granulation  coarse,  spaced,  and  similar  to  that  of 
abactinal  plates,  increasing  slightly  in  size  on  the  outer  exposed 
edge  of  the  ray.  On  a  single  plate,  close  to  the  abactinal  plates,  is  a 
small  pedicellaria,  but  these  are  not  a  regular  occurrence  on  the 
superomarginals.    The  fourth  and  fifth  plates  are  the  largest. 

Inferomarginals  lower  and  narrower  than  superomarginals,  and 
tumid,  the  first  three  being  slightly  wider  than  long,  the  fourth  about 
as  long  as  the  width  of  actinal  surface  and  from  here  on  the  width 
narrows  rapidly.  (In  N.  temalis  the  eleventh  plate  is  longer  than 
wide,  in  arthrocnemia  it  is  the  seventh  if  the  chord  of  the  extreme 
width  is  taken  and  the  fifth  if  the  width  of  the  actinal  face  is  con- 
sidered.) The  10  inferomarginals  nearest  middle  of  ray  correspond 
to  about  14  adambulacrals  (18  or  19  in  moluccanus).  Granules 
similar  to  those  of  superomarginals,  but  a  trifle  larger  on  ventral 
surface.  All  the  marginal  sutures  are  deeper  and  wider  than  usual 
in  this  genus  and  probably  act  as  f  ascioles. 

Actinal  intermediate  plates  aligkUy  convex^  in  4  chevrons  and 
with  three  plates  interradially  next  to  margin,  representing  the 
fifth  chevron.  The  phites  of  the  first  chevron  reach  to  the  fourth 
inferomarginal.  The  plates  are  covered  with  coarse  spaced  hemi- 
spherical granules  less  depressed  than  the  marginal.  Sutures  between 
the  plates  distinct  and  deep. 

First  adambulacral  with  a  nearly  straight  furrow  comb  of  6 
slightly  fiattened  four-sided  spines  tapering  to  a  chisellike  edge; 
second  and  third  with  a  curved  series;  on  the  fourth  plate  an  angle 
appears  near  the  adoral  margin  which  gradually  increases  in  promi- 
nence up  to  the  twelfth  or  fifteenth,  and  remains  prominent  to  the 
end  of  ray.    The  spines  increase  to  9  or  10,  the  3  or  4  on  the  apex 
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of  angle  being  the  slenderest,  somewhat  prismatic  and  compressed. 
On  the  adoral  end  of  the  series  are  usually  2  flattened,  round-tipped 
spmes,  the  side  to  furrow,  and  on  the  aboral  end  8  or  4  similar 
but  larger  ones.  The  aboral  facet  of  the  angle  is  hollowed  out  to 
accommodate  the  tube  foot.  Proximally  the  plates  bear  2  or  3 
series  of  tubercular  granules  (7  to  9  in  number) ;  farther  along  ray 
where  the  angle  is  prominent  there  are  about  15  in  three  irregular 
series  parallel  to  margin.  On  the  outer  attenuate  part  of  ray  a 
granule  spaced  from  the  rest  and  sometimes  slightly  enlarged  is 
found  just  back  of  the  apex  of  the  angle.  No  pedicellariae.  Sutures 
between  the  plates  unusually  deep. 

Mouth  plates  with  a  straight  furrow  series  of  9  or  10  spines  like 
the  adambulacrals  except  that  the  inner  three  become  gradually  en- 
larged and  more  compressed.  Suboral  granules  8  or  9,  following 
the  other  margins  of  each  plate,  the  inner  2  or  8  of  the  series  adjacent 
to  median  suture  being  enlarged  into  short,  stout  wedge-shaped  spines. 

It  is  noticeable  that  the  ventral  plates  have  more  distinct  spaces  or 
sutures  between  them  than  have  those  of  either  euryplax  or  moluc- 
canu8. 

Madreporic  body  subpentagonal,  surrounded  by  4  large  plates,  of 
which  the  largest,  on  the  adcentral  side,  is  the  primary  basal.  The 
madreporite  is  a  trifle  smaller  than  the  primary  basals  of  the  other 
4  interradii,  and  is  situated  about  one-third  the  distance  between 
center  and  inner  edge  of  superomarginals. 

Young. — ^Two  small  specimens  doubtfully  referable  to  this  species 
have  less  tumid  marginals,  broader  rays,  with  the  median  abactinal 
depression  less  pronounced  than  in  the  adult  Oral  spines  9 ;  furrow 
spines  at  first  6  increasing  to  9. 

Typtf.— Cat  No.  80647,  U.S.N.M. 

Type-locality.— Si\At\oTi  6648,  Buton  Strait,  Celebes  (lat  6°  85'  S.; 
long,  m''  20'  E.),  659  fathoms,  bottom  temperature  89.2^'  F. ;  1  speci- 
men. 

Distribution. — Celebes. 

Specimens  examined. — ^Three;  the  type  and  2  young  specimens 
doubtfully  referred  to  this  species  from  station  5G51,  Gulf  of  Boni, 
Celebes,  700  fathoms,  green  mud,  bottom  temperature  88.7^  F. 

Remarks. — ^This  species  differs  from  N.  euryplax  in  having  nar- 
rower  rays,  tumid  marginals,  narrower  and  longer  inferomarginnls, 
radial  abactinal  plates  which  are  not  conspicuously  wider  than  long, 
and  9  or  10  oral  spines.  In  arthrocnemis  the  plates  are  more  distinct, 
the  granulation  coarser,  the  primary  basal  plates  larger,  the  madre- 
poric body  surrounded  by  4  (not  6)  plates,  and  the  dorsal  surface  of 
ray  is  marked  by  a  shallow  sulcus,  of  which  the  dorsal  facets  of  the 
superomarginals  form  the  sides.   From  N.  nioluccanuSj  arthrocnemis 
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differs  in  having  proximally  narrower  rays,  differently  formed  su- 
peromarginals,  which  on  disk  extend  laterally  beyond  the  infero- 
marginals  (not  the  reverse),  in  having  coarser  granules,  larger 
primary  basal  plates,  shorter  furrow  spines,  especially  the  middle 
members,  and  fewer  oral  spines,  the  series  of  which  is  not  incurved 
The  inferomarginal  plates  are  narrower  and  more  bandlike,  on  the 
ray  and  the  superomarginals  are  much  more  numerous.  NymphoMter 
nora  Alcock  has  still  longer  rays  (R=6.8  r)  very  narrow  infero- 
marginals  in  the  interbrachia,  12  furrow  spines  and  3  plates  sar- 
rounding  the  madreporite.  In  the  form  of  the  marginal  plates 
arthrocnemia  closely  resembles  nora. 

NTMPHASTER  MKSBBRS  FUmt. 

Plate  66,  fig.  2;  plate  67,  fig.  2;  plate  68,  fig.  2;  plate  68,  flg.  2;  plate  92, 

figs.  4,  4a. 

Nymphaster  meserea  Fishes,  1913a,  p.  638. 

Diagnosis. — Similar  in  proportions  and  general  form  to  N.  arihrth 
cnemis  but  marginal  plates  not  tumid  (although  ray  is  sharply 
4-angled)  and  dorsal  surface  is  subplane;  sixth  and  sometimes  fifth 
superomarginal  longer  than  width  of  dorsal  surface  (tenth  in 
arthrocnemis) ;  third  inferomarginal  longer  than  width  of  its  actinal 
surface;  superomarginal  and  inferomarginal  2-jawed  slender  pedicel- 
lariae  regularly  present  Width  of  ray  at  proximal  end  of  first  pair 
of  superomarginals  which  meet  medially  equaling  first  3.5  to  8.66 
superomarginals  measured  along  ambitus;  radial  abactinal  plates 
hexagonal  to  roundish ;  oral  spines  9  to  11 ;  furrow  spines  increasing 
from  6  or  6  to  10, 11,  and  12  far  along  ray.  Il=about  60  mm.,  r=17 
mm.,  R=3.6  r± ;  breadth  of  ray  at  midinterbrachium,  19  mm. 

Description. — ^The  abactinal  plates  are  similar  to  those  of  arthnh 
cnemis^  but  the  primary  apicals  are  smaller,  being  subequal  to  the 
largest  radial  paxillae,  which  have  8  or  10  central  and  12  to  15  .periph- 
eral granules.  The  papular  areas  seem  to  be  relatively  a  little  wider 
in  meseres^  although  the  specimen  is  much  smaller;  7  longitudinal 
rows  are  included  in  the  papular  areas,  with  a  few  plates  of  2  addi- 
tional rows  on  some  radii. 

One  of  the  main  differences  is  in  the  shape  of  the  superomarginal 
plates  which  are  like  rectangular  blocks  with  plane  (not  tumid) 
facets.  The  sutural  line  along  side  of  ray  is  a  trifle  sunken,  as  also 
that  of  the  midradial  line  on  outer  part  of  ray.  The  plates  are 
sharply  oblique  in  the  midinterbrachia  and  the  width  decreases  more 
rapidly  over  the  length  than  in  arthrocnemis^  as  indicated  in  diag- 
nosis. Granules  depressed  hemispherical,  rather  coarse,  and  touch- 
ing one  another,  not  spaced  as  in  habrotatus  and  atopus.  Marginal 
pedicellariae  few,  slender,  in  the  interbrachia.    Terminal  plate  (of 
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cotype)  longer  than  wide,  broadly  lanceolate,  the  pointed  end  prox- 
imaL  Superomarginal  plates  26+9  &  small  portion  of  ray  being 
missing. 

Inferomarginals  longer  than  width  of  actinal  surface  (except 
first  1  or  2),  and  very  narrow  distally;  10  plates  near  middle  of  ray 
corresponding  to  about  16  adambulacrals;  granules  and  pedicellariae 
as  on  Buperomarginals. 

Actinal  interradial  areas  with  6  chevrons  of  plates  which  are  a 
trifle  swollen  as  in  arthrocnemia;  granules  coarse,  slightly  spaced, 
larger  in  center  than  on  periphery  (not  so  in  arthrocnemia  where 
they  are  nearly  uniform). 

Adambulacral  plates  with  6  or  6  spines  on  the  first  furrow  margin, 
increasing  to  11,  or  even  12 ;  a  slight  angle  appearing  on  the  second 
or  third  plate  but  not  becoming  at  all  prominent  until  the  eighth. 
Subambulacral  granules  15  to  18  in  8  irregular  series.  A  very  few 
of  the  proximal  plates  with  a  2-  or  8-jawed  pedicellaria  near  the 
inner  adoral  comer. 

Marginal  mouth  spines  9  to  11  (10  or  11  in  type),  compressed; 
suboral  granules  in  2  series,  a  few  of  the  innermost  slightly  en- 
larged. 

Madreporic  body  medium-sized,  surrounded  by  5  or  6  plates;  it 
is  larger  than  the  primary  basal  plates  and  is  situated  slightly  less 
than  one-third  r  from  center — about  as  in  arthrocnerrda. 

Type.—CB.t.  No.  80548,  U.S.N31. 

Type-locality. — Station  5115,  off  northern  Mindoro  (Verde  Island 
Passage),  840  fathoms. 

Dtatrihutiaru — ^Known  only  from  type-locality. 

Specimena  examined. — ^Two,  the  type  and  an  example  from  sta- 
tion 5114,  type-locality,  840  fathoms,  fine  sand. 

Remarka. — ^This  species,  or  perhaps  only  subspecies  of  arthrocne- 
miaj  is  most  likely  to  be  confused  with  that  form  and  with  habro- 
iatiia.  It  differs  from  kabrotattia  in  having  square-angled  rays  with 
a  plane  dorsal  surface,  a  closer  marginal  granulation,  the  sixth  and 
sometimes  the  fifth  superomarginal  longer  than  width  of  its  dorsal 
sarface  (ninth  or  tenth  in  hdbrotatua) ;  10  inferomarginals  corre- 
sponding to  about  16  adambulacrals  (13  or  14  in  Jidbrotatua)^ 
coarser  actinal  interradial  granulation;  fewer  mouth  spines  (12  to 
15  in  habrotatua) ;  primary  apical  plates  smaller — ^not  conspicuous, 
whereas  they  are  in  habrotatua.  N.  m^erea  seems  to  be  related  to 
both  habrotatua  and  arthrocnemia^  and  rather  closely,  though  it  is 
separable  readily  enough  with  specimens  in  hand. 

Among  the  species  described  by  Koehler  from  the  Inveatigator 
collections  the  present  form  comes  nearest  to  ludwigi^  which,  how- 
ever, has  wider  superomarginals  for  they  are  not  longer  than  wide 
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until  after  the  twelfth  plate  (fourth  or  fifth  in  meserea)  and  the 
inferomarginals  as  viewed  from  below  do  not  become  longer  than 
wide  until  after  the  fifth  or  sixth.  In  ludwigi  the  subambulacral 
granules  are  fewer  in  2  regular  series,  and  there  are  no  adambulacral 
pedicellariae.  N.  helli  Eoehler  has  the  radial  plates  conspicnoudy 
wider  than  long,  while  in  N.  temalia  (Eoehler,  but  not  Perrier)  the 
marginal  plates  have  different  proportions,  the  adambulacral  fur- 
row spines  are  fewer  (8)  and  pedicellariae  much  more  numerous. 

I  do  not  think  the  species  which  Eoehler  identifies  as  Nymphaster 
temalia  is  really  that  form,  apart  from  the  improbability  of  a  West 
Indian  species  being  found  in  the  Indian  region.  Judging  by  Per- 
rier's  figure,  the  marginal  plates  of  temalis  are  more  tumid  and 
the  abactinal  radial  plates  larger.  Perrier  states  that  the  apophysis 
of  the  adambulacral  plates  of  temalis  starts  with  the  twenty-fourth 
plate.  In  Eoehler's  species  it  starts  on  the  third  or  fourth  to 
fifteenth.  In  most  of  the  species  described  in  this  report  the  apophy- 
sis starts  near  the  base  of  the  furrow  on  the  first  five  adambulacral 
plates  and  is  a  rather  conservative  character.  It  is  unlikely  that 
so  great  a  variation  would  be  present  in  a  single  species.  I  have 
examined  what  purports  to  be  N.  temalis  from  the  West  Indies, 
but  as  it  agrees  with  neither  the  figure  nor  description  of  Per- 
rier I  think  it  likely  that  in  the  United  States  National  Museum 
collection  other  species  than  true  temalis  masquerade  under  that 
name.  This  species  has  the  apophysis  starting  on  the  third  or 
fourth  plate,  and  its  superomarginals,  instead  of  being  swollen  on 
the  ray  and  slightly  sunken  in  the  midradial  line,  slope  upward 
toward  the  median  radial  line. 

NTMPHASTEB  HABROTATCS  FUmt. 

Plate  66,  fig.  8;  plate  67,  fig.  8;  plate  68,  fig.  4;  plate  69,  fig.  4;  plate  92, 

figs.  8,  8a. 

Nymphaster  habrotatus  Fishes,  1913a,  p.  689. 

Diagnosis, — ^Rays  long  and  slender  as  in  A^.  arthrocnemisj  but  not 
tumid,  the  dorsal  surface  of  ray  evenly  arched  proximally  and  oral 
spines  12  to  15;  contour  of  ray  as  seen  from  below  even,  not  con- 
stricted at  intervals;  breadth  of  ray  at  inner  end  of  the  first  pair  of 
superomarginals  which  meet  medially  equal  to  first  8  to  3.6  supero- 
marginals measured  on  ambitus;  superomarginals,  as  seen  from 
above,  wider  than  long  up  to  the  sixth  or  seventh;  the  next  2  or  8 
squarish;  granules  round  and  well  spaced;  a  few  marginal  2-jawed 
pedicellariae;  median  radial  plates  slightly  wider  than  long,  all 
slightly  elevated;  primary  apical  plates  conspicuous;  adambulacral 
plates  with  proximally  7  or  8  and  farther  along  ray  upward  of  14 
furrow  spines;  apophysis  beginning  on  second  or  third  plate,  bat 
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becoming  prominent  gradually;  adambulacral  2-  to  4-jawGd  pedi- 
cellariae;  tnird  inferomarginal  longer  than  wide  as  seen  from  below. 
E=76.5  mm.,  r=17  mm.,  K=4.5  r;  breadth  of  ray  at  midint^r- 
brachium,  19  mm. 

Description. — ^Abactinal  area,  circumscribed  by  the  superomar- 
ginals,  arcuate  pentagonal  with  attenuate  sharp  comers;  abactinal 
plates  slightly  elevated  even  on  the  interradial  areas,  but  not  high 
enough  to  be  distinctly  tabulate.  Papular  areas  comprising  3  or  4 
rows  on  either  side  of  the  median  radials  which  are  slightly  wider 
than  long,  subhexagonal,  and  with  8  to  8  central  and  12  to  14  slightly 
smaller  depressed  granules;  other  radial  plates  subcircular  and 
smaller.  Primary  basal  and  central  plates  conspicuously  larger 
than  the  others  and  with  more  granules.  A  few  entrenched  pedicel- 
lariae  with  2  slender  jaws  are  scattered  over  the  radial  areas.  Plates 
of  midradial  and  2  parallel  series  on  either  side  (papular  area)  pro- 
vided with  6  short  pointed  lobes  (arcuately  hexagonal),  by  which 
the  distal  plates  touch,  but  do  not  quite  touch  proximally.  The 
4  or  5  distal  plates  of  the  radial  and  adradial  series  are  slightly 
wider  than  long,  but  the  proximal  plates  are  not  The  interradial 
plates  are  irregularly  roundish  without  lobes,  and  as  seen  from  with- 
in they  are  not  in  contact. 

Superomarginal  plates  about  82,  conspicuously  sloping  in  the  in- 
terbrachia  and  basal  portion  of  ray,  forming  thereto  an  arched  dorsal 
surface  which  gradually  and  at  different  points  on  the  ray  becomes 
horizontal  or  plane.  Height  of  lateral  face  of  ray  proximally  equal- 
ing width  of  dorsal  face  of  superomarginal  but  distally  slightly  ex- 
ceeding it.  Fourth  or  fifth  plate  meeting  its  fellow  medially ;  abac- 
tinal surface  of  proximal  plates  up  to  the  sixth  or  seventh  wider  than 
long;  the  next  2  or  3  are  about  as  wide  as  long,  and  thence  the  width 
diminishes  gradually  (in  N.  mesereSy  which  somewhat  resembles  this 
species,  the  fifth  plate  is  as  wide  as  long  or  sometimes  slightly  longer 
than  wide  and  the  plates  abruptly  become  longer  than  wide,  not 
gradually;  also  the  abactinal  surface  of  ray  is  plane  with  abrupt 
angles).  Lateral  angle  of  ray  rounded;  side  of  ray  straight  as 
viewed  from  above,  the  plates  not  being  tumid.  Suture  between 
supero-  and  inferomarginals  in  a  slight  depression.  Granules  cir- 
cular, depressed,  spaced  about  their  own  diameter  or  slightly  less. 
A  few  small,  entrenched,  slender  2-jawed  pedicellariae  are  present. 
In  the  interbrachia  the  superomarginals  extend  laterally  beyond  the 
inferomarginals.    Terminal  plate  small,  ovoid. 

Inferomarginals  nearly  square  interradially,  but  the  third  is 
slightly  longer  than  width  of  actinal  face;  height  of  inferomarginals 
about  one-half  that  of  superomarginals  and  on  ray  about  equal  to 
its  actinal  width  the  surface  being  evenly  rounded  from  the  inner  to 
outer  edge.    Ten  plates  near  middle  of  ray  correspond  to  13  or  14 
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adambulacrals.  Granulation  similar  to  that  of  superomarginals, 
and  a  few  similar  pedicellariae  are  pro^ent. 

Actinal  intermediate  plates  perfectly  flat,  in  about  6  chevrons,  and 
irregular  as  to  size  and  shape,  but  usually  with  5  sides.  Granules 
similar  in  size  to  those  of  inferomarginal  plates,  but  more  spher- 
ical or  acorn-shaped.  Sometimes  1  or  2  two-jawed  entrenched  pedi- 
cellariae are  present  in  an  interradial  triangle. 

First  adambulacral  with  7  or  8  slender  compressed,  blunt  spines 
in  a  nearly  straight  series.  The  first  appearance  of  the  apophysis 
is  in  the  second  or  third  plate,  but  it  does  not  become  very  prominent 
until  the  eighth  to  twelfth.  The  spines  gradually  increase  in  num- 
ber to  12, 18,  or  14.  The  central  3  to  6  spines  on  the  distal  plates  are 
shorter  and  slenderer  than  the  laterals,  and  on  the  proximal  plates 
they  are  slenderer  and  subequal.  In  short,  they  have  the  usual  rela- 
tions, and  the  distal  plates  are  longer  than  wide.  Subambulacral 
granules  rather  variable.  In  the  type  there  are  15  to  20,  in  about 
8  series,  several  of  the  inner  series  being  enlarged  on  the  first  10 
plates  into  short,  granuliform,  sharp  tubercles.  Near  the  adoral 
border  of  a  comparatively  few  of  the  proximal  plates  of  type  is  a 
2-  or  8-]awed  pedicellaria  in  the  innermost  suboral  series.  The  jaws 
are  slender  and  curved  inward.  In  specimens  from  stations  5423 
and  6424,  which  in  several  details  depart  slightly  from  the  type, 
the  pedicellariae  are  more  numerous  In  the  specimen  from  station 
6424  the  pedicellariae  usually  have  8  jaws,  and  with  a  few  exceptions 
occur  on  all  the  first  25  to  80  plates. 

Mouth  plates  with  a  long  and  rather  narrow  mouth  angle;  mar- 
ginal spines  12  to  15,  usually  14  in  type,  similar  to  the  furrow 
spines  but  stouter  and  more  compressed,  gradually  increasing  in 
size  toward  the  inner  angle  of  plate,  most  of  the  spines  being  thin, 
petaloid,  and  round-tipped.  Suboral  granules  12  to  18 ;  a  series  of 
6  or  6  parallel  to  furrow  series  are  enlarged  into  flattened  tubercular 
spines. 

Madreporic  body  larger  than  the  primary  basal  plates,  and  situ- 
ated about  a  third  the  distance  from  center  to  ambitus.  It  is  sur- 
rounded by  4  plates,  with  2  others  encroaching  somewhat  upon  them. 

Gonads  in  a  single  tuft  on  either  side  of  the  membranous  inter- 
brachial  septum. 

Type.— Cat.  No.  30549,  U.S.N.M. 

Type-locality. — Station  5491,  between  Leyte  and  Mindanao,  786 
fathoms,  green  mud,  coral;  bottom  temperature,  52.8°  F.;  2  speci- 
mens. 

Distribution. — Sulu  Sea  to  the  Surigao  Sea,  north  of  Mindanao, 
840  to  786  fathoms. 

Specimens  examined.— FiYe^  2  from  the  type-locality  and  8  from 
the  following  stations: 
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Station  5423,  Sulu  Sea  near  Cagayanes  Islands,  508  fathoms,  gray 
mud,  coral  sand ;  bottom  temperature,  49.8^  F. ;  1  specimen. 

Station  5424,  same  locality,  840  fathoms,  coral  sand;  bottom  tem- 
perature, 50.4°  F. ;  2  specimens. 

Remarks, — This  species  differs  from  euryplax  and  moluccanus  in 
having  narrower  rays,  which  are  arched  proximally;  in  having  the 
superomarginals  extending  laterally  farther  than  the  inferomar- 
ginals,  not  the  reverse;  from  euryplax  further  in  having  more  nu- 
merous oral  spines,  more  numerous  furrow  spines,  and  radial  plates 
not  conspicuously  widened;  from  moluccanus  also  in  having  nar- 
rower superomarginals  and  marginal  pedicellariae ;  from  arthro- 
cnemis  in  lacking  swollen  marginals  and  the  characteristic  depres- 
sion along  the  ray,  in  having  plane  not  tumid  actinal  intermediate 
plates,  more  numerous  oral  and  furrow  spines,  finer  granules,  mar- 
ginal and  adambulacral  pedicellariae;  from  atopus  in  having  6 
(young)  to  10  interbrachial  superomarginals  (not  4),  numerous 
pedicellariae,  larger,  slightly  elevated  abactinal  plates,  more  numer- 
ous mouth  spines,  and  stouter  inf eromarginal  plates.  The  characters 
which  separate  this  form  from  meseres  are  noted  under  that  species. 

NTMPHASTEB  ATOPUS  fliAw. 

Plate  63,  fig.  4;  plate  64,  fig.  2;  plate  69,  fig.  5;  plate  70,  fig.  4;  plate  d2, 

figs.  7,  7a. 

NympTiaster  atopus,  Fisheb,  1933a,  p.  640. 

Diagnosis. — ^Differing  from  other  species  herein  described  in  having 
only  4  interbrachial  superomarginals;  rays  slender,  the  width  at  outer 
end  of  second  superomarginals  (which  corresponds  in  position  to  the 
inner  end  of  the  first  pair  of  plates  which  meet  medially,  in  other 
species)  equaling  length  of  first  8  superomarginals  measured  on  am- 
bitus; superomarginals  longer  than  wide;  inferomarginals  on  ray 
very  slender,  resembling  terete  rods  placed  end  to  end;  marginal 
granulation  relatively  coarse,  spaced;  abactinal  plates  small,  round- 
ish hexagonal,  with  few  granules;  oral  spines  9  or  10;  adambulacral 
furrow  spines  proximally  7  or  8,  then  10  or  11 ;  apophysis  is  promi- 
nent from  the  third  plate  on;  distal  plates  much  longer  than  wide, 
with  1  series  of  granules  and  a  few  extra  in  the  angle  of  the  apophy- 
sis; about  15  or  16  adambulacrals  corresponding  to  10  inferomargi- 
nals of  ray.  Cotype,  R=48-f-mm.,  r=9  mm.,  R=at  least  5  r  (tip  of 
ray  broken). 

Description. — ^Abactinal  area,  within  the  marginal  plates,  pentago- 
nal and  bounded  on  each  side  by  4  superomarginals.  Abactinal 
plates  small,  slightly  convex,  the  papular  areas  comprising  5  longi- 
tudinal series  of  roundish  hexagonal  plates  and  the  interradial  areas, 
about  4  chevrons  of  still  smaller  roundish  or  irregularly  polygonal 
ones.  Badial  plates  with  1  central  and  6  or  7  peripheral  subspherical 
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beadlike  granules;  the  adradial  and  next  adjacent  series  with  4  or  5 
granules  and  usually  no  central;  the  interradial  plates  with  4  to  6 
gr^jnules.  A  very  few  of  the  radial  plates  of  type  (only)  have  a  deli- 
cate pedicel  laria  with  2  slender  jaws  longer  than  the  granules. 

Superomarginals  massive  proximally,  22  on  longest  ray,  forming 
an  arched  bevel  to  the  margin  of  interbrachial  spaces.  Base  of  ray 
very  slightly  arched  abactinally — ^nearly  plane — but  with  a  well- 
rounded,  abrupt,  slightly  swollen  angle  between  the  dorsal  and  lat- 
eral facets  of  the  plate.  On  outer  part  of  ray  the  dorsal  surface  is 
arched  so  that  the  distal  attenuate  portion  of  ray  is  subterete.  Proxi- 
mally  the  height  of  the  plate  is  about  half  the  width  of  dorsal  sur- 
face, and  distally  about  equal  to  it  The  third  plate  is  about  as  long 
as  wide,  but  thence  the  width  decreases  more  rapidly  than  the  length, 
so  that  all  the  subsequent  plates  are  longer  than  wide.  Granulation 
coarse;  granules  circular,  depressed,  subtruncate  or  convex,  and 
spaced  slightly  less  to  slightly  more  tiian  their  own  diameter  apart 

Inf eromarginals  slightly  tumid  and  very  narrow  on  the  ray,  and 
all  are  longer  than  width  of  actinal  surface.  Inner  edge  of  fii^st  plate 
about  as  long  as  chord  of  extreme  width,  or  exceeding  width  of  ven- 
tral surface  alone;  second  plate  slightly  narrower;  third  plate  one 
and  one-half  times  as  long  as  wide.  From  here  the  plates  become 
rapidly  narrower;  and  the  surface  being  evenly  rounded  from  the 
inner  to  outer  edge,  they  resemble  short  terete  rods  placed  end  to  end. 
Ten  inf  eromarginals  near  center  of  ray  correspond  to  15  or  16  adam- 
bulacrals.  On  the  outer  part  of  ray  the  inferomarginals  are  about 
as  wide  as  the  adambulacrals,  and  about  half  as  wide  as  ^he  siipero- 
marginals.  In  the  interbrachia  and  along  proximal  half  of  ray  the 
lateral  suture  between  superomarginals  and  inferomarginals  is 
slightly  depressed  owing  to  the  slightly  swollen  lateral  facets  of  the 
plates.  Granules  subspherical,  slightly  smaller  than  the  superomar- 
ginal  granules  and  similarly  spaced.  Proximally  there  are  about  9 
in  the  length  of  a  plate;  distally  about  7  or  8. 

Actinal  intermediate  plates  in  8  chevrons,  the  outer  reaching  mid- 
dle of  second  plate.  Granules  thimble-shaped  or  acorn-shaped,  spaced 
about  as  those  of  inferomarginals  and  similar  to  them  in  size. 

First  2  adambulacral  plates  without  perceptible  furrow  angle  and 
with  7  or  8  rather  slender  4-sided  spines  of  about  equal  width  through- 
out, but  tapering  to  a  subtruncate  tip  somewhat  like  a  wedge.  Third 
plate  with  angle  near  proximal  side,  which  rapidly  increases  in  promi- 
nence until  the  sixth  to  eighth  plates,  beyond  which  there  is  a  gradual 
broadening  of  the  apophysis,  as  the  plates  become  much  narrower 
owing  to  the  tenuity  of  ray.  As  a  consequence  of  this  the  plates  are 
much  longer  than  wide,  the  apophysis  is  broad  and  less  prominent, 
so  that  the  circular  compartments  in  which  the  tube  feet  are  lodged 
are  separated  by  more  than  their  own  diameter.   Where  the  apophysis 
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is  most  prominent  there  are  10  or  11  furrow  spines,  the  median  slen- 
der, pointed,  compressed,  with  edge  to  furrow,  the  laterals  stouter,  a 
trifle  longer,  tapering,  and  with  flat  side  to  furrow.  The  distal  facet 
of  each  hypophysis  is  slightly  hollowed  out.  The  lateral  spines  of 
4  adambulacral  plates  bend  down  over  the  compartment  in  which 
the  tube  feet  are  lodged — i  or  5  from  each  distal  facet  and  about  4 
from  each  adoral  facet,  forming  an  effective  operculum  of  16  to  20 
converging  spine&  Suboral  granules  proximally  6  to  9,  conical  and 
subspinose,  shorter  and  thicker  than  the  furrow  spines  and  arranged 
in  2  series.  Far  along  ray  are  about  8  or  10  conical  granules  in  a 
series  of  5  to  7  on  the  outer  edge  of  plate,  with  a  group  of  2  to  4  be- 
tween it  and  the  angular-furrow  series.  Two  or  three  of  the  proxi- 
mal plates  of  each  series  have  a  pedicellaria  in  the  inner  series  of 
granules  consisting  of  2  to  4  tapering  jaws. 

Mouth  plates  with  a  fairly  straight  furrow  series  of  9  or  10  spines 
similar  to  the  furrow  spines  of  the  first  2  adambulacral  plates,  but 
slightly  more  compressed,  and  the  inner  2  or  8  are  conspicuously 
larger.  Suboral  granules  7  or  8  slightly  spaced,  the  inner  1  or  2  of 
the  [median]  sutural  series  being  tuberculate. 

Madreporic  body  small,  surrounded  by  4  plates,  of  which  the  ad- 
eentral  basal  plate  is  the  largest;  it  is  situated  nearly  halfway  be- 
tween center  and  margin. 

Type.—Ctit.  No.  80550,  U.S.N.M. 

Type-locality.— Stvition  5428,  Sulu  Sea,  off  Palawan  (lat.  9**  13'  N.; 
long.  118®  51'  15"  E.),  1,105  fathoms,  gray  mud;  bottom  tempera- 
ture 49.7®  F. ;  3  specimens. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^This  species  is  remarluible  for  having  only  4  superomar- 
ginal  and  4  inferomarginal  plates  in  each  interbrachial  space;  in 
other  words,  the  second  superomarginal  is  the  largest  and  is  in  con- 
tact yrith  its  fellow  medially.  No  other  described  species  has  so  few ; 
even  the  young  specimens  of  arthrocnemis  have  at  least  6.  However, 
Perrier  figures  some  very  immature  forms  with  only  4  interbrachial 
superomarginals,  but  these  are  tiny  specimens. 

Nymphaster  atopus  lives  in  the  great  depths  of  the  Sulu  Sea,  which 
are  pretty  effectually  isolated  from  other  abyssal  areas. 

Genus  SPHAERIODISCIIS  Fisher. 

BphaeriodiBcuB  Fisher,  1910,  p.  171;  1911(2,  p.  167.    Type,  StepTianaster 
hourgeti  Perrier. 

SPHABKIODISCUS  SCOTOCRTPTUS  Fish«r. 

Plate  79,  fig.  5 ;  plate  80,  fig.  4 ;  plate  83,  figs.  6,  7 ;  plate  92,  figs.  10, 10a. 

SpTiaeriodiscus  acotoeryptus  Fisher,  1913a,  p.  641. 

Diagnosis. — ^In  general  appearance  greatly  resembling  Ceramaster 
granularis  (except  as  regards  the  enlarged  antepenultimate  supero- 
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marginals).  Differing  from  S.  ammophilus  (Fisher)  and  S.  baurgeti 
(Perrier)  in  having  much  narrower  superomarginals,  more  restricted 
papular  areas,  much  longer  adambulacral  plates,  with  more  nimierous 
furrow  spines  and  larger  mouth  plates.  Form  pentagonal,  with 
straight  sides,  produced  at  angles  into  rays,  only  2  superomarginals 
in  length.  Superomarginals  narrow,  increasing  slightly  in  size  up 
to  the  third,  the  remaining  2  being  smaller;  surface  bare,  except 
for  scattered  granules,  and  several  rows  near  margin.  Abactinal 
plates  granulate,  a  comparatively  few  of  the  radial  and  adradial 
series  being  low  tabulate;  plates  hexagonal  on  radial  regions,  gen- 
erally 4-sided  interradially,  and  irregularly  hexagonal  on  center  of 
disk.  Adambulacral  plates  longer  than  wide,  or  as  long  as  wide, 
with  a  straight-edged  furrow  comb  of  9  or  10  flattened,  rather  narrow 
truncate  spines,  and  spaced  from  these  2  or  3  subambulacral  series 
of  granules,  the  inner  the  larger.  Mouth  plates  large,  with  15  to  17 
furrow  spines.  Abactinal,  marginal,  and  actinal  intermediate  spata- 
late  pedicellariae  with  ^  sugar-tongs  "  jaws.  B=32  mm.,  r=22  mm., 
R=1.45  r.  . 

Description. — ^Abactinal  area  pentagonal,  the  plates  being  flat  and 
only  those  of  the  very  restricted  papular  areas  slightly  tabulate. 
All. are  covered  with  uniform,  depressed,  subtruncate,  hemispherical 
granules,  those  in  the  central  part  of  the  plate  being  spaced  one- 
third  to  one-half  the  diameter  of  a  granule;  those  on  the  periphery 
just  touching.  Scattered  over  the  radial  and  interradial  regions 
are  numerous  small  pedicellariae,  with  2  narrow  jaws  abruptly 
widened  and  spatulate  at  the  tip,  and  with  a  rather  narrow  base; 
length  of  jaw  about  width  of  2  granules.  Sometimes  the  spatulate 
part  is  notched  or  denticulate,  sometimes  entire.  The  papular  areas 
are  restricted  to  the  radial  and  either  adradial  series  of  plates.  There 
are  9  or  10  radial  plates,  but  only  about  6  of  the  radial  and  6  of 
the  adradial  series  are  tabulate.  These  plates  are  hexagonal  or  (being 
usually  a  little  longer  than  wide)  kite-shaped.  In  the  middle  of 
the  papular  areas  the  lateral  peripheral  granules  are  Slightly  Jength- 
ened,  truncate,  and  have  the  appearance  of  acting  as  opercula  to  pro- 
tect the  papulae  beneath.  The  interradial  plates  are  four  or  five 
sided,  or  if  six-sided  the  plates  appear  to  be  four-sided  with  2  oppo- 
site comers  cut  off. 

The  plates  of  the  papular  areas,  seen  from  the  coelomic  side, 
have  6  short,  broad  lobes,  directed  slightly  downward,  by  which  the 
plates  join.  They  are  most  pronounced  on  the  radial  plates,  and  the 
kite-shaped  plates  have  a  strong  lateral  lobe  on  either  side,  the 
rest  being  suppressed.  The  adradial  and  adjacent  series  have  very 
short  lobes. 

Superomarginal  plates  narrow.  First  2  longer  than  extreme 
width ;  third  much  wider  at  distal  transverse  suture  than  at  proximal, 
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and  touching  its  fellow  of  the  opposite  side  by  the  distal  inner  comer. 
Sixth  plate  narrower  distally  than  proximally  and  smaller  than  the 
fifth.  It  meets  its  fellow  of  the  other  side.  Seventh  plate  small 
and  tumid.  The  plates  form  a  well-rounded  margin  to  the  disk,  but 
rather  more  of  the  plate  faces  dorsally  than  laterally.  The  plates 
are  surrounded  by  a  series  of  regular  granules  resembling  those  of 
the  abactinal  plates  and  the  lateral  face  of  the  plate  has  2  to  5 
additional  rows  of  rather  deciduous  granules.  On  the  inner  mar- 
gin of  the  first  4  plates  there  is  an  additional  irregular  series  of 
granules,  which  sometimes  continues  part  way  along  the  transverse 
margins.  The  dorsal  surface  of  the  first  8  and  practically  all  the 
surface  of  the  last  3  plates  is  bare,  except  for  a  few  scattered  gran- 
ules and  1  or  2  pedicellariae.  Terminal  plate  somewhat  top-shaped, 
with  two  truncate  tubercular  granules  on  the  distal  truncate  end. 

Inferomarginals  arched  actinally  and  encroaching  upon  actinal 
area  more  than  do  the  superomarginals  upon  the  abactinal.  They 
are  all  longer  than  wide ;  the  lateral  face  is  about  half  as  wide  as  the 
ventral  and  merges  with  it  gradually.  The  plates  decrease  gradually 
in  size  distad  and  correspond  pretty  closely  to  the  superomarginals. 
The  ventral  service  is  bare,  except  for  comparatively  numerous 
widely  spaced  deciduous  granules,  but  the  margins  of  the  plate 
are  granulate  for  the  width  of  4  to  6  series  except  the  last  2  or  3 
plates,  which  have  only  1  or  2  margmal  series.  Some  of  the  plates 
have  a  lateral  pedicellaria. 

Actinal  intermediate  plates  fiat,  granulate,  in  7  chevrons,  the  out- 
line of  the  plates  being  irregularly  polygonal,  and  the  granulation 
spaced  for  half  the  width,  or  more,  of  the  granules.  The  series  ad- 
jacent to  the  adambulacrals  reaches  to  the  middle  of  the  third  inf  ero- 
marginal  and  bears  an  occasional  2- jawed  spatulate  pedicellaria. 
Each  chevron  has  an  odd  interradial  plate  at  its  apex. 

Adambulacral  plates  slightly  longer  than  wide,  or  square,  with  a 
nearly  straight  furrow  margin  bearing  a  regular  straight-edged  comb 
of  proximally  9  or  10,  distally  7  or  8,  flattened,  rather  narrow,  trun- 
cate spines.  Proximally  these  are  shorter  than  the  width  of  plate; 
sometimes  the  broader  side  is  toward  furrow  (especially  proximally) 
nnd  sometimes  the  edge  is  to  furrow  (distally).  Spaced  from' these 
by  a  conspicuous  interval  is  a  straight  longitudinal  series  of  4  or  5 
compressed,  tubercular  spiniform  granules,  much  shorter  than  the 
furrow  spines,  one  of  which  distally  becomes  enlarged  into  a  tubercle 
as  often  occurs  in  the  Goniasteridae.  This  tubercle  is  less  evident  in 
8.  ammophUus.  The  proximal  5  or  6  plates  have  1  and  the  rest 
2  or  2.5  additional  longitudinal  series  of  small  granules  (6  to  12) 
similar  to  those  of  the  actinal  intermediate  plates. 
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Mouth  plates  large  with  the  furrow  margin  about  twice  as  long 
as  that  adjacent  to  first  adambulacral  plate.  Furrow  series:  15  to 
17  compressed  chisel-pointed  spines,  the  inner  3  or  4  gradually 
enlarged  and  prismatic,  the  innermost  being  widest,  and  blade- 
like. Actinal  surface  with  about  3  series  of  granules  parallel  to  the 
furrow,  a  pair  just  back  of  the  teeth  enlarged  into  prismatic  spines; 
median  suture  rather  prominent;  actinal  surface  of  plates  slightly 
convex. 

Madreporic  body  rather  small,  surrounded  by  6  plates,  and  ^ta- 
ated  one- third  r  from  center. 

The  gonads  are  single,  one  on  either  side  of  the  membranous  intcr- 
brachial  septum,  situated  between  the  third  and  fourth  longitudinal 
series  of  radial  plates  and  about  6  mm.  from  the  margin.  No  rudi- 
mentary superambulacral  ossicles. 

Type.—C^t.  No.  30553,  U.S.N.M. 

Type-locality. — Station  5425,  Sulu  Sea,  near  Cagayan  Island,  495 
fathoms,  gray  mud,  coral  sand,  bottom  temperature  49.4^  F.;  1 
specimen. 

Distribution. — Known  only  from  type-locality. 

Remarks. — ^Although  this  species  is  very  different  from  S.  hourgeti 
and  S.  ammophilus  in  having  narrow  superomarginals  and  larger 
adambulacral  plates  with  numerous  furrow  spines,  I  think  it  is 
referable  to  Sphaeriodiscus.  The  abactinal  plating,  marginal  granu- 
lation, and  slightly  enlarged  antepenultimate  superomarginal  are 
characteristic.  I  have  examined  the  gonads  and  abactinal  plates  of 
S.  ammophilus  and  they  agree  with  those  of  S.  scotocryptus.  In  the 
former  the  plates  of  the  very  restricted  papular  areas  are  4-  to  6- 
lobed,  the  lobes  being  short,  sharply  truncate,  and  joining  closely 
end  to  end  the  lobes  of  adjacent  plates.  In  the  radial  series  the 
lateral  lobes  (2  on  either  side)  are  developed  more  fully  than  the 
other  2,  which  may  be  lacking.  The  form  of  the  lobing  is  exactly 
similar  to  that  of  S.  ammophilus^  even  to  the  larger  lateral  lobes. 
It  would  seem  that  the  very  small  papular  areas  are  also  character- 
istic of  the  genus.  S.  amm/ophUus  has  single  gonads,  situated  as  in 
8.  scotocryptus. 

Genns  PELT  ASTER  Verrill. 

Peltaster  Verrill,  1809,  p.  168.    Type  P.  hehes  VerrlU  (^Ganiaster  nidarth 
siensis  Storm). — ^Fisher  lOlld,  p.  171. 

PELTASTER  CYCLOPLAX  Fbh«r. 

Plate  74,  fig.  1;  plate  75;  plate  88,  fig.  1;  plate  02,  figs.  11,  lUh4. 
Peltaster  cycloplaw  Fishes,  1913a,  p.  041. 

Diagnosis. — Diflfering  from  P.  nidarosiensis  (Storm)  in  having 
entrenched,  2-jawed,  pincer-shaped  or  "sugar-tongs''  pedicellariae 
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instead  of  the  sessile,  bivalved  type ;  in  having  very  many  more  gran- 
ules on  the  abactinal  plates,  more  tumid  and  longer  proximal  supero- 
marginal  plates,  and  very  nmnerous  actinal  intermediate  pedicel- 
lariae;  rays  longer.  General  form  stellate,  with  short  rays  and 
shallow,  arcuate,  interbrachia ;  B=100  mm.,  rr=51  mm.,  B=2.1  r; 
breadth  of  ray  at  midinterbrachium,  60  mm.  Abactinal  plates  finely 
granulated,  the  larger  primary  plates  with  85  or  40  peripheral  and 
120  central,  slightly  smaller  granules;  proximal  radial  plates  sur- 
rounded, partially  or  wholly,  by  smaller,  secondary  plates;  very 
numerous  small  abactinal,  broadly  spoon-shaped,  denticulate  pedicel- 
lariae;  superomarginals  proximally  very  tumid,  15  or  16  to  the  ray, 
closely  granulate  except  for  a  central  irregular  bare  space  on  many 
plates;  a  few  superomarginal  and  inferomarginal  pedicellariae ;  actinal 
intermediate  areas  very  large,  closely  granulate,  nearly  all  the  plates 
with  1  or  sometimes  2  forceps  pedicellariae,  so  that  in  the  aggregate 
they  appear  very  numerous,  the  plates  being  small;  adambulacral 
plates  with  5  or  6  stout,  blunt,  4-sided  or  compressed  furrow  spines 
and  2  arcuate  series  of  subambulacral  spines  (4  or  6  in  each  series), 
followed  by  12  to  15  granules  in  2  crowded,  irregular  series. 

Description. — Abactinal  plates  all  clearly  distinguishable  and 
arranged  regularly  on  the  radial  areas  and  outer  parts  of  interradial 
areas,  but  not  very  regularly  on  center  of  disk.  Primary  plates  of 
radial  areas  hexagonal,  arranged  in  a  radial  series  and  8  longitu- 
dinal series  on  either  side,  these  interspersed  and  surrounded  by 
smaller,  irregularly  polygonal,  roundish,  or  oblong  plates,  6  to  8 
about  each  plate.  Proximally  the  consecutive  radial  and  adradials 
are  separated  by  oblong  or  very  much  compressed,  often  irregular, 
hexagonal  ones,  but  near  the  middle  of  B  these  disappear  from  the 
radial  series  and,  also  successively,  a  little  nearer  to  center  of  disk 
from  the  other  3  series.  For  a  short  distance  beyond  the  middle 
of  R  the  secondary  plates  are  found  only  at  the  sides  of  the  lateral 
series,  but  in  the  other  series  the  lateral  plates  disappear  about  as 
quickly  as  the  transverse  ones.  The  intermediate  plates  occupy,  then, 
a  petaloid  radial  area  extending  about  to  the  middle  of  B,  and  also 
the  center  of  disk,  but  here  there  is  less  difference  in  size  between 
the  2  kinds.  Interradial  plates  numerous,  gradually  changing  from 
hexagonal  to  lozenge-shaped.  There  are  many  irregular  forms,  4-  to 
6-sided  or  even  roundish  toward  center  of  disk.  All  the  plates  are 
covered  with  a  fine,  close  granulation,  the  peripheral  granules  being 
flattened,  truncate,  or  finger-nail-shaped  and  distinctly  larger  than 
the  circular  depressed  central  granules,  which  decrease  slightly  in 
size  toward  the  center  of  plate.  A  proximal  radial  plate  has  upward 
of  35  or  40  peripheral  and  120  central  granules,  all  having  the 
app^rance  of  being  inmiersed  in  a  soft,  transparent  matrix.  Most 
of  the  plates  also  bear  an  entrenched  sugar-tongs  pedicellaria  with 
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2  broadly  spoon-shaped  denticulate  jaws,  the  width  of  the  rounded 
or  ovoid  expanded  part  sometimes  nearly  equaling  the  total  height, 
which  equals  width  of  2  or  2.5  peripheral  granules.  The  base  of 
the  pedicellaria  is  narrower  than  the  rounded  or  ovoid  distal  portion 
and  the  jaw  is  constricted  just  above  the  base. 

The  edges  of  the  plate  fit  together  tightly,  there  being  no  inte^ 
spaces;  and  no  papulae  can  be  seen.  The  5  primary  interradial  plates 
can  be  distinguished  by  their  slightly  greater  size. 

The  papular  area  is  very  extensive  and  can  not  be  seen  from  the 
outside.  It  includes  the  whole  dorsal  surface,  with  the  exception  of 
a  band  averaging  5  mm.  wide,  adjacent  to  the  marginal  plates,  and  on 
either  side  of  the  interbrachial  septum,  extending  inward  nearly  to 
center  of  disk.  Viewed  from  the  coelomic  side  the  abactinal  plates 
are  even  more  regular  than  from  an  external  view.  The  large  pri- 
mary plates  of  the  radial  area  are  roundish,  with  6  to  8  facets,  be- 
tween each  of  which  is  a  papula.  The  secondary  plates  are  more 
irregular,  with  5  or  6  slight  indentations  separating  the  margin  into 
as  many  short  lobes;  or  there  may  be  no  lobing  but  only  5  to  7  un- 
equal facets.  The  lateral  radial  plates  outside  the  area  of  intermedi- 
ates are  more  regularly  hexagonal. 

Superomarginal  plates,  15  or  16  to  the  ray,  the  proximal  5  or  6 
very  tumid  and  abactinal  in  position,  the  succeeding  plates  less  tumid 
and  with  their  transverse  axis  becoming  more  and  more  oblique  to 
the  abactinal  plane.  First  plate  slightly  wider  than  long;  succeeding 
5  or  6  plates  longer  than  wide;  the  remaining  plates  shortening  and 
increasing  in  width  so  that  the  penultimate  is  wider  than  the  plates 
of  the  midregion  of  ray,  but  not  quite  so  wide  as  the  first  2  plates. 
Granulation  close  and  fine,  similar  to  that  of  abactinal  plate.  Most 
of  the  plates  have  1  or  2  pedicellariae  similar  to  the  abactinal.  The 
first  4  or  5  plates  have  an  irregular  bare  space  in  the  middle,  and  in 
this  there  are  irregular  groups  and  lines  of  granules.  Some  of  the 
outer  plates  show  a  similar  bare  space,  but  much  smaller.  Terminal 
plate  rather  obovoid,  or  ovoid,  and  narrowed  at  either  end. 

Inferomarginals  confined  mostly  to  side  wall  of  ray,  closely  granu- 
late, and  often  with  a  pedicellaria.  General  surface  slightly  arched 
but  not  markedly  tumid;  first  plate  as  wide  as  long;  the  next  7  longer 
than  wide  and  the  remainder  wider  than  long.  The  fifth  or  sixth 
to  fourteenth  plates  do  not  correspond  in  the  2  series  but  even  alter- 
nate. The  plates  of  the  2  series  have  nearly  the  same  area ;  sometimes 
the  superomarginals  are  a  shade  larger,  sometimes  the  inferomar- 
ginals exceed,  especially  distally. 

Actinal  intermediate  areas  very  large,  closely  granulate,  the  gran- 
ules convex  and  coarser  than  those  of  inferomarginal  plates.  Nearly 
all  the  plates  have  1  or,  near  the  furrow,  2  entrenched  pedice||ariae 
with  2  spatulate  jaws  often  not  so  wide  as  those  of  abactinal  surface. 
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The  pedicellariae  are  so  numerous  as  to  closely  dot  the  surface,  the 
plates  being  rather  small,  4-sided  (sometimes  5  or  6  near  margin), 
those  nearest  furrow  rectangular  and  largest,  the  rest  gradually  de- 
creasing in  size  and  changing  to  lozenge-shape,  or  lozenge-shape 
with  2  comers  cut  oflf  (6-sided).  There  are  about  12  chevrons  of 
them. 

Adambulacral  plates  wider  than  long,  close-set.  Furrow  spines 
5  or  6,  stout,  blunt,  4-sided,  or  compressed  and  8-sided,  subequal, 
sometimes  placed  slightly  obliquely,  so  that  the  aboral  end  of  the 
close  comb  overlaps  the  adoral  end  of  the  succeeding  comb.  The 
spines  are  as  long  or  slightly  longer  than  the  plate,  and  the  armature . 
of  the  actinal  surface  is  graduated  in  size  from  the  furrow  spines 
gradually  into  that  of  the  intermediate  plates.  First  there  are  2 
arcuate  series,  each  of  4  or  5  prismatic  or  4-sided  spines,  heavier  but 
shorter  than  the  furrow  spines,  and  on  the  outer  part  of  plate  12  to 
15  rather  crowded  granules  in  2  irregular  series.  Near  the  end  of 
ray  one  of  the  spines  of  the  first  actinal  series  is  enlarged  into  a 
clavate  or  acorn-shaped  tubercle,  and  here  also  the  plates  may  bear 
a  2-jawed  spatulate  pedicellaria,  but  they  are  not  numerous.  A 
very  few  of  the  proximal  plates  may  also  bear  a  2-jawed  pedicellaria. 

Mouth  plates  flat^  with  very  regular,  straight  furrow  margin,  the 
5  pairs  of  mouth  plates  completely  closing  actinostome.  Furrow 
spines  9  to  11,  truncate,  4-sided,  the  innermost  much  compressed  and 
bladelike.  The  end  of  the  spines  has  1  or  more  tiny  granuliform 
eminences.  Parallel  to  furrow  are  2  series,  each  of  6  or  7  stout 
truncate  4-sided  or  prismatic  spines,  and  on  the  outer  part  of  plate 
18  to  20  granules  in  about  3  interradially  directed  series. 

Madreporic  body  large,  flat,  about  twice  the  diameter  of  a  basal 
plate,  and  with  very  fine,  numerous,  radiating  striae;  situated  one- 
third  distance  from  center  to  inner  edge  of  marginal  plates. 

The  gonads  form  2  or  3  tufts  on  either  side  of  the  interbrachial 
septum  and  parallel  to  it.  Hepatic  coeca  large,  extending  half  the 
length  of  ray;  Polian  vesicles  large. 

One  of  the  rays  has  been  injured  at  the  tip,  and  now  has  2  tips 
with  the  bud  of  a  third. 

Type.—CB,t.  No.  30552,  U.S.N.M. 

Type-locality. — Station  5279,  between  Lubang  and  Luzon,  south- 
west of  Manila  Bay,  117  fathoms,  green  mud. 

Distribution. — Known  only  from  the  type-locality. 

RcTnarks. — This  species  diflfers  from  P.  nidarosiensis  (Storm)*  in 
having  the  abactinal  plates  perfectly  distinct,  though  closely  granu- 
lated, very  many  more  granules  to  a  plate,  very  numerous  abactinal 
pedicellariae,   more   tumid   and   longer   proximal   superomarginal 

^GileR,  Oonlaster  nldaroslensis,  Stonn  og  dens  iTiioiiyiiier.  Bergena  Masenms  Aarbog, 
1905.  No.  a,  p.  10. 

13434— BulL  100-^ld ^20 
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plates,  very  numerous  actinal  intermediate  pedicellariae.  The  pedi- 
cellariae  of  P.  nidarosienais  are  of  the  bivalve,  sessile  type  charac- 
teristic of  Hippasteria^  whereas  in  cycloplax  they  are  of  the  en- 
trenched 2-jawed  sugar-tongs  type,  similar  to  those  of  Nympkoitefy 
and  other  related  genera.  If  P.  hebes  Verrill  is  distinct  from  t\i' 
darosiensis  it  will  differ  from  cycloplax  in  practically  the  same  char- 
acters as  P.  nidaroaiensis.  P.  planus  Verrill  lacks  pedicellariae  en- 
tirely, and  has  fewer  abactinal  granules  to  the  plate,  wider  and  less 
tumid  superomarginal  plates,  and  only  8  or  4  furrow  spines. 

Genus  PONTIOCERAMUS  Fisher. 

Pontiocerafnus  Fisheb,  1911c,  p.  420.    Type,  P.  grandU  Fisher. 

Diagnosis. — Stellate,  with  a  large  disk  and  relatively  short  rays. 
Related  to  Plinthaster  Verrill,  but  differing  in  having  tie  surface  of 
the  abactinal  plates  perfectly  smooth,  not  covered  with  minute 
bosses,  in  having  the  plates  of  the  papular  areas  low-tabulate,  and 
the  adambulacral  plates  with  an  angular  furrow  margin  armed  with 
numerous  short  stubby  spinelets;  no  conspicuously  enlarged  sub- 
ambulacral  spine  on  distal  part  of  ray.  Abactinal  and  marginal 
plates  bordered  by  a  single  series  of  small  granules,  the  latter  also 
with  some  on  lateral  face  of  ray,  all  flush  with  level  of  plate.  Last 
few  superomarginals  in  contact  medially.  Actinal  intermediate 
plates  reaching  far  along  ray,  closely  granulate,  and  with  small  bi- 
valved  excavate  pedicellariae  about  as  high  as  wide.  Adambulacral 
plates  proximally  very  narrow,  distally  becoming  wider;  with  a  large 
subambulacral  toothed  bivalved  pedicellaria,  and  10  or  11  furrow 
spinelets  in  angular  series.   No  smaller  secondary  abactinal  plates. 


PONTIOOEBAMUS  GRANDIS  J 

Plate  77,  fig.  8;  plate  78,  fig.  8;  plate  88,  fig.  4;  plate  98,  figs.  4,  4a-&. 

Pontioceramus  grandis  Fisheb,  1911c,  p.  421. 

Diagnosis. — Size  large;  stellate,  with  a  large  disk,  shallow  inter- 
brachia,  and  short  bluntly  pointed  rays,  arcuately  tapering  from  a 
very  broad  base  to  an  attenunate  extremity,  the  last  5  to  8  supero- 
marginals being  in  contact;  abactinal  plates  numerous,  with  very 
smooth  surface  bordered  by  immersed  granules  flush  with  surface, 
the  central  and  radial  areas  having  the  plates  low-tabulate  and 
hexagonal;  marginal  plates  conspicuous,  decreasing  in  size  gradu- 
ally, and  bordered  by  flush  granules;  actinal  intermediate  plates  nu- 
merous, granulate  those  nearest  furrow  with  1  or  2  small,  denticu- 
late, bivalved  pedicellariae;  furrow  spinelets  11  or  12,  short,  stout^ 
blunt,  forming  an  obtusely  angular  series,  the  apex  varying  in  posi- 
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tion  between  the  adoral  edge  and  middle;  proximally  a  large 
bivalved  subambulacral  pedicellaria  near  furrow,  the  remainder  of 
plate  being  occupied  by  rather  small  granules,  those  in  line  with 
pedicellaria  being  enlarged  and  subspinose. 

Description: — Abactinal  plates  numerous,  with  a  very  smooth  and 
slightly  convex  surface,  on  the  radial  region  regularly  hexagonal, 
and  on  center  of  disk  and  in  about  9  longitudinal  (radial)  series  dis- 
tinctly tabulate,  each  tabulum  surrounded  by  6  papulae,  the  area  of 
tabulate  plates  reaching  about  two-fifths  B.  The  papular  areas  are 
proximaUy  considerably  wider  than  the  area  of  obviously  tabulate 
plates.  Interradial  plates  flat,  irregularly  four-  to  six-sided.  All 
abactinal  plates  surrounded  by  a  single  series  of  flat  squarish  gran- 
ules, set  in  membrane  and  flush  with  surface  of  plate,  those  on  the 
radial  plates  hard  to  see,  and  larger  on  the  lateral  than  on  the  trans- 
verse margins  of  tabulum. 

The  median  radial  plates,  as  viewed  from  the  inner  or  coelomic 
side,  are  wider  than  long  with  8  short  truncate  lobes  in  tlie  middle 
third  of  the  series;  proximally  the  plates  are  roundish  with  6  lobes; 
distally  there  are  6  lobes,  and  the  plates  are  wider  than  long;  the 
adradial  and  2  adjacent  series  have  successively  shorter  lobes,  which 
are  strongest  on  the  adcentral  side,  while  the  other  plates  of  the 
papular  areas  are  roundish  with  slight  indentations  to  allow  the 
passage  of  the  6  pupulae.  The  interradial  plates  are  lozenge-shape, 
sometimes  with  the  comers  truncated.  In  the  case  of  the  radial 
plates  the  transition  between  the  6-  and  8-lobed  plates  is  caused  by 
the  gradual  splitting  of  each  distal  and  proximal  lobe  into  two. 

Marginal  plates  conspicuous.  Superomarginals  (80  to  a  ray) 
form  an  even,  slightly  arched  bevel  in  interbrachium,  but  on  ray  a 
rounded  angle,  being  there  somewhat  wider  than  high.  Proximal 
saperomarginals  decidedly  wider  than  long,  the  width  very  grad- 
ually and  uniformly  decreasing  toward  the  end  of  ray,  while  the 
tumidity  of  the  plates  gradually  increases.  Plates  surrounded  by  a 
smgle  series  of  small  flush  granules  forming  an  inconspicuous  border, 
and  in  addition,  on  the  lateral  face  of  ray,  adjacent  to  the  outer  or 
lower  edge,  is  a  second  series  with  a  few  scattered  granules  above. 
On  the  outer  part  of  ray  there  is  but  the  single  marginal  series.  The 
distal  5  to  8  superomarginals  are  in  contact  medially,  while  usually 
1  or  2  others  touch  and  segregate  1  or  2  of  the  distal  median  radial 
plates.  Terminal  plate  much  broader  than  long,  truncate  distally, 
but  roughly  cordiform. 

On  the  outer  part  of  ray  the  inferomarginals  extend  laterally  a 
trifle  beyond  the  superomarginals.  The  amount  to  which  the  infero- 
marginals encroach  upon  disk  is  variable.  The  plates  form  a 
rounded  bevel  in  interbrachium,  but  a  rounded  angle  on  the  ray,  and 
are  surrounded  by  2  series  of  granules  similar  to  those  of  superomar- 
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ginals,  becoming  reduced  to  a  single  series  near  the  end  of  ray.  In 
ac!dition  the  longitudinal  borders  of  plate  usually  have  an  additional 
series,  with  a  few  odd  granules  in  the  comers  or  scattered  on  the 
lateral  face. 

Actinal  intermediate  plates  very  numerous,  those  nearest  furrow 
the  largest  and  with  the  next  or  next  two  parallel  series  forming 
fairly  regular  chevrons,  the  plates  reaching  to  the  twenty-first  or 
twenty-second  inferomarginal.  The  other  plates  are  irregularly 
arranged.  All  are  closely  granulate,  the  granules  flat  and  immersed 
in  thin  membrane.  The  plates  next  to  adambulacrals  bear  one  or 
two  small,  rather  delicate,  bivalved  pedicellariae,  whose  denticulate 
jaws  are  slightly  wider  than  high  (the  larger  ones)  or  as  wide  as 
high  (smaller)  and  fit  into  slight  depressions  when  open. 

Adambulacral  plates  proximally  long  and  narrow,  very  gradually 
widening  on  outer  half  of  B,  until  near  tip;  beyond  the  last  actinal 
intermediate  plates  they  are  as  wide  as  long.  Each  plate  is  angular 
toward  furrow,  the  angle  being  sharper  deep  in  furrow  than  on 
margin,  and  is  usually  adoral  to  the  middle  of  plate,  varying  in 
position  between  the  middle  and  adoral  margin  of  plate.  Furrow 
spinelets  11  or  12,  stout,  short,  round-tipped  or  blunt,  much  flat- 
tened, those  near  the  angle  of  margin  with  edge  to  furrow,  the  others 
with  flat  side  thereto.  The  aboral  spinelet  of  the  series  is  the  broad- 
est and  stoutest,  and  often  the  adoral  spinelet  is  similarily  enlarged. 
This  spinelet  or  really  granule  is  most  conspicuous  near  the  end  of 
ray,  where  the  furrow  angles,  meeting  medially  from  the  2  sides, 
segregate  the  tube  feet  as  in  Nymphaater.  The  spinelets  near  either 
end  of  the  series  form  an  operculum,  closing  this  compartment  when 
the  tube  feet  are  withdrawn. 

The  spinelets  are  subequal  in  length,  or  the  median  slightly  the 
shorter.  The  actinal  surface  proximally  is  wide  enough  for  only  one 
longitudinal  series  of  unequal  granules,  but  as  the  plate  widens  more 
are  added,  until  distally  the  plates  have  an  even  granular  surface, 
like  that  of  actinal  plates.  Proximally  most  of  the  plates  have  a 
large  bivalved  denticulate  pedicellaria,  the  jaws  much  wider  than 
high.  This  occupies  a  third  or  a  fourth  the  length  of  a  plate,  the 
remainder  of  the  first  actinal  series  being  filled  out  by  compressed, 
rounded,  granules,  usually  larger  than  the  other  actinal  granules. 
The  distalmost  of  these,  on  the  last  6  to  12  plates,  is  enlarged  and 
tubercular  (although  inconspicuous),  and  this,  a  goniasterid  ten- 
dency, is  carried  out,  although  in  a  suppressed  form. 

Mouth  plates  small,  triangular,  with  a  fairly  straight  furrow 
margin,  bearing  9  or  10  spinelets,  similar  to  those  of  the  furrow 
series,  but  heavier,  and  increasing  rather  rapidly  in  size  toward  the 
inner  end  of  plate,  where  the  spines  are  heavy,  compressed,  and  leaf- 
like.   Back  of  these  is  a  row  of  flattened,  shorter,  truncate,  or  round- 
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tipped  spines,  the  outer  part  of  the  plate  being  granulate,  the  gran- 
ules being  larger  than  those  of  the  intermediate  plates,  spaced,  and 
subspinose.  A  curious  variation  is  present  in  2  specimens  from  sta- 
tions 5116  and  5412.  One  of  the  teeth  at  the  inner  angle  is  enor- 
mously broadened  and  forms  an  odd  scoop-shovel-like  tooth.  In 
another  mouth  angle  2  are  enlarged,  1  more  than  the  other,  so  that 
they  overlap  greatly. 

Madreporic  body  small,  near  center  of  disk,  surrounded  by  6 
plates;  ridges  radiating  and  ooarse. 

Anatomical  notes. — ^The  specimen  dissected  was  smaller  than  the 
type,  with  B,  106  mm.  Intestinal  coeca,  consisting  of  5  long,  slender, 
simple,  radiating  sacs,  about  one-third  the  minor  radius  in  length; 
Hepatic  coeca  small,  about  two-fifths  of  B  in  length ;  stomach  small, 
divided  by  a  constriction  into  distinct  dorsal  and  ventral  divisions ; 
Polian  vesicles  large,  1  in  each  interradius;  ampullae  double.  Inter- 
brachial  septa  membranous;  along  the  ray  are  numerous  accessory 
septa  parallel  to  the  interbrachial,  and  extending  from  margin  nearly 
to  ambulacral  plates.  There  are  8  of  these  between  the  second  and 
twelfth  superomarginals;  thence  they  become  very  small.  Gonads  in 
a  single  tuft  on  either  side  of  the  interbrachial  septum,  at  about  the 
middle  of  r. 

Type.— Csit.  No.  28667,  U.S.N.M. 

Type-loeality. — Station  5278,  off  western  Luzon,  27  miles  southwest 
of  Corregidor  Light,  114  fathoms,  mud,  shells,  and  coral  sand;  1 
specimen. 

DUtributian. — Southwestern  Luzon  to  Bohol,  114  to  200  fathoms, 
<m  green  mud,  mud,  shells,  and  coral  sand,  temperature  range  50.2^ 
to  54.8*»  F. 

Specimens  exammed. — ^In  addition  to  the  type,  4  specimens  from 
the  following  stations: 

Station  6116,  mouth  of  Balayan  Bay,  Luzon,  200  fathoms,  bottom 
temperature  60.2^  F.;  1  specimen  (large). 

Station  5412,  between  Cebu  and  Bohol,  162  fathoms,  green  mud, 
64.8^  F. ;  3  specimens. 

Station  5417,  between  Cebu  and  Bohol,  165  fathoms,  gray  mud, 
sand,  bottom  temperature  54.4^  F. ;  1  specimen. 

Remarks. — ^This  genus  differs  from  Circeaster  in  lacking  the  ab- 
ruptly larger  abactinal  plates  of  rays,  in  having  smooth  marginals, 
and  regular  tabulate  radial  plates ;  and  from  Lydiaster  in  the  character 
of  abactinal,  marginal,  and  adambulacral  plates.  Lydiaster  is  more 
nearly  related  to  Circeaster  than  to  Pontioceramus.  Ceramaster  is 
distinguished  by  the  wholly  granulate  tabulate  abactinal  plates  and 
Eugoniaster^  which  is  perhaps  the  most  nearly  related  form,  has  the 
abactinal  plates  arranged  without  regularity  although  ^Habulate,'' 
and  the  adambulacral  plates  are  of  uniform  width  throughout. 
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GeniiB  LITHOSOMA  Ffsher. 

Lithosoma  Fishes,  1911o,  p.  422.    Type,  L.  actinometra  Fisher. 

Belated  to  Iconaster  Sladen,  but  differs  in  having  the  regular  lon^- 
tudinal  radial  series  of  abactinal  plates  completely  surrounded  by 
granules,  not  on  the  lateral  edges  only,  and  in  having  the  subam- 
bulacral  granulation  short  and  spaced  from  the  furrow  comb,  not 
crowded  and  graduated  into  the  furrow  armature.  All  plates  smooth 
and  bordered  by  a  single  series  of  granules,  the  plates  of  papular 
areas  sensibly  elevated.  Small  spatulate  excavate  pedicellariae  on 
both  surfaces.  Disk  large,  rays  long,  slender,  and  beyond  base  of 
ray  composed  only  of  marginal  plates  abactinally. 

KEY  TO  TSB  8PICIES  OV  LITHOSOMA  HSBBIN  DISCSIBID. 

a}  R=3.7  r;  marginal  plates  broad,  more  or  less  tumid;  all  superomarglnato 
broader  than  long;  width  of  ray  at  proximal  end  of  first  pair  of  supero- 
marginals  which  meet  medially  equal  to  length  of  first  5  superomarginnis; 
furrow  margin  of  adambulacral  plates  slightly  convex,  slightly  angular,  or 
concavo-convex,  but  not  markedly  angular ;  adambulacral  pedlcellaria  very 
small,  the  Jaws  much  less  than  half  as  high  as  furrow  splnelets. 

adinometra^  p.  298. 

a}  B==4+r ;  marginal  plates  narrow,  not  at  all  tumid ;  distal  superomarglnato 
longer  than  broad ;  width  of  ray,  measured  as  In  a^  equal  to  length  of  first 
3  to  Si  superomarginals ;  furrow  margin  with  an  apophysis  separating  the 
tube  feet;  adambulacral  pedlcellaria  with  Jaws  nearly  or  quite  as  long 
as  the  furrow  splnelets • — .pefficAra,  p.  SOL 

IITHOSOMA  ACTINOMETBA  Fislwr. 

Plate  76,  figs.  1,  3 ;  plate  84,  fig.  2 ;  plate  85,  fig.  2 ;  plate  03,  figs.  3,  3a. 
Htho9oma  actinometra  Fisheb,  1911o,  p.  422. 

Diagnosis, — ^Rays  5.  E=155  mm.,  r=42  mm.,  R=8.7  r;  breadth  of 
ray  at  base,  49  mm.,  at  eighth  superomarginal,  19  mm.  General 
form  precisely  like  Nymphaster;  disk  large,  arcuately  pentagonal, 
and  produced  at  the  corners  into  long  slender  rays  which  gradually 
taper  to  a  bluntly  pointed  extremity  and  which  are  composed  abac- 
tinally of  the  marginal  plates  only.  All  plates  smooth,  porcelain- 
like, bordered  by  a  single  complete  series  of  granules  flush  with  the 
general  surface ;  only  the  adambulacral  and  mouth  plates  with  gran- 
ules on  surface.  Abactinal  plates  regular,  hexagonal,  slightly  ele- 
vated, close-set;  superomarginal  plates  massiye,  wider  than  long,  the 
seventh  to  ninth  meeting  medially,  and  encroaching  conspicuously 
upon  abactinal  area;  inferomarginals  similar  to  superomarginals; 
actinal  intermediate  plates  numerous,  extending  slightly  beyond 
middle  of  R ;  adambulacral  plates  slightly  wider  than  long  to  slightly 
longer  than  wide,  with  a  curved  or  slightly  angular  furrow  margin 
bearing  a  comb  of  proximally  6  to  8,  and  farther  along  the  ray  9  to 
11  short  blunt  splnelets. 
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Description. — ^Abactinal  area  stellato-pentagonal.  Abactinal  plates 
hexagonal,  in  regular  radial  and  parallel  series,  smooth  except  for 
scattered  minute  irregular  elevations  (not  granules)  and  bordered 
by  a  single  complete  series  of  flat  immersed  granules,  squarish  or 
oblong  in  shape.  The  plates  are  very  slightly  elevated,  are  very 
regular  in  disposition,  and  itre  crowded,  those  of  the  center  of  disk 
being  slightly  the  largest.  If  somewhat  higher  they  would  be  called 
tabulate.  No  secondary,  smaller,  intermediate  plates.  The  papulae, 
6  about  a  plate,  are  practically  all  over  the  abactinal  area.  Many  of 
the  plates  have  1  or  2  tiny  entrenched  pedicellariae  with  2  or  3 
slender  jaws  scarcely  longer  than  the  width  of  a  marginal  granule. 

Abactinal  plates  as  seen  from  the  inner  or  coelomic  side  with  6 
regular  short  lobes,  the  interval  between  being  arcuate,  and  the  plates 
nearly  or  quite  touching  by  means  of  the  lobes.  The  ventral  surface 
of  the  plate  is  raised  into  a  truncate  eminence  with  sloping  sides. 
Viewed  from  this  side,  the  plates  appear  to  be  of  a  low  conical  form 
with  the  apex  removed  at  different  distances  from  the  top. 

Marginal  plates  blocklike  massive,  the  superomarginals,  40  in 
number,  in  contact  along  median  line  beyond  the  seventh  to  ninth, 
and  encroaching  conspicuously  upon  dorsal  surface,  being  wider  than 
high.  The  first  plate  is  abactinally  wider  than  the  following  4,  the 
next  3  plates  gradually  increasing  in  width  and  the  following  grad- 
ually decreasing  toward  the  end  of  ray,  as  best  shown  in  the  figure. 
Surface  of  plate  smooth,  porcelainlike,  and  the  abactinal  surface  of 
ray  is  nearly  plane,  or  a  trifle  sunken  along  median  line  owing  to  a 
slight  convexity  of  the  plates.  Marginal  granules  small,  inmiersed 
in  a  membrane  which  nearly  or  quite  obscures  their  outlines.  A 
variable  number,  usually  1  to  5,  tiny  2-  or  3*jawed  pedicellariae 
occur  along  the  transverse  margins  and  also  along  the  lateral  mar- 
gin on  the  side  of  ray.  The  base  of  each  jaw  is  half  or  more  than 
half  as  wide  as  the  length  and  constricts  to  a  narrow  spatulate  ex- 
tremity. The  cotype  is  much  more  liberally  provided  with  them 
than  the  type.    Terminal  plate  much  wider  than  long. 

Inferomarginals  correspond  to  superomarginals  proximally;  dis- 
tally  they  alternate.  The  plates  decrease  regularly  in  size,  although 
very  gradually  on  ray,  where  the  lateral  face,  as  seen  directly  from 
the  side  is  about  as  wide  as  the  ventral  facet  viewed  directly  from 
below.  The  ventrolateral  margin  of  ray  is  slightly  swollen  and 
evenly  rounded.  Marginal  granules  and  pedicellariae  as  on  supero- 
marginals. Ten  inferomarginals  at  middle  of  ray  correspond  to 
16  adambulacrals. 

Actinal  intermediate  plates  flat  and  very  smooth,  in  about  6  irreg- 
ular chevrons,  irregular  in  size  and  shape,  those  next  to  furrow  largest 
and  usually  four-sided,  the  others  less  regular,  four-  or  five-sided. 
The  series  next  to  the  adambulacrals  extends  slightly  Ix^yond  the 
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middle  of  R,  or  to  the  fifteenth  (or  sixteenth)  inferomarginal,  the 
plates  having  upward  of  6  small  pedicellariae  each,  with  a  few 
scattered  over  the  rest  of  the  area,  and  the  marginal  granules  are 
similar  to  those  of  the  marginal  plates. 

Adambulacral  plates  with  an  angular  furrow  face  deep  in  fur- 
row, the  margin  varying  from  a  slighfly  convex  contour  to  a  slight 
compound  curve,  or  a  shallow  angle  near  the  adoral  end  or  anywhere 
between  the  adoral  end  and  middle.  On  the  outer  part  of  the  ray 
the  plates  are  evenly  convex  on  the  margin,  the  convexity  of  oppo- 
site plates  meeting  in  the  middle  of  ray  and  separating  consecutive 
pairs  of  tube  feet.  Furrow  comb  consisting  of  proximally  6  to  8, 
farther  along  ray  9  to  11,  short,  blunt,  granuliform,  subequal  spine- 
lets,  the  mesial  more  or  less  compressed  with  edge  to  furrow,  the 
lateralmost  somewhat  thicker  and  prismatic  or  flattened  with  side 
to  furrow.  On  the  outer  fourth  of  ray  the  furrow  spinelets  are 
again  reduced  to  6  to  8  and  at  the  tip  to  4  or  &  Border  of  plate 
with  a  row  of  unequal  subcorneal  immersed  granules,  and  surface 
with  several,  usually  forming  a  longitudinal  series  spaced  from 
furrow  comb.  One  to  8  small  pedicellariae  usually  present,  often 
taking  the  place  of  several  granules,  being  surrounded  by  a  smooth 
area.  They  are  slightly  larger  than  actinal  intermediate  pedicel- 
lariae and  have  2  or  8  similar  jaws.  Far  along  the  ray  the  aboral 
granule  or  spinelet  of  the  furrow  series  is  considerably  enlarged 
over  the  others.  This  gradually  becomes  the  tubercular  spine 
(though  very  small)  characteristic  of  the  distal  plates  of  many 
genera  of  Goniasteridae.  It  functions  as  a  sort  of  operculum  to 
protect  the  tube  feet. 

Mouth  plates  small,  rather  evenly  triangular,  the  straight  furrow 
margin  with  7  to  9  furrow  spines,  the  2  inner  enlarged,  heavy,  com- 
pressed, prismatic,  sometimes  unequal,  either  round-tipped  or  bluntly 
pointed.  Suboral  granules  20  to  26  immersed,  close-set,  the  row  ad- 
jacent to  furrow  slightly  the  heaviest. 

Madreporic  body  hexagonal,  surrounded  by  6  plates,  with  coarse 
irregular  ridges  radiating  from  center.  In  the  cotype  the  striae  are 
fine,  very  meandering,  and  interrupted,  but  in  the  type  are  fairly 
straight. 

Anatomical  notes. — Gonads,  a  large  cluster  on  either  side  of  the 
membranous  interradial  septum,  the  aperture  about  10  mm.  from 
inner  edge  of  marginal  plates  and  5  nrni.  from  interradial  septum. 
Polian  vesicles,  1  in  each  interradius. 

Type.— Csit.  No.  28658,  U.S.N.M. 

Type-locality. — Station  5272,  western  Luzon,  26.6  miles  southwest 
Corregidor  Light  (lat.  W  K;  long.  12«  22'  80"  E.),  118  fathoms, 
mud,  shells,  coral  sand,  bottom  temperature  67.4''  F. 

Distribution. — Off  western  Luzon,  114  to  118  fathoms. 
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Specimens  examined. — ^Two,  the  type  and  a  specimen  from  sta- 
tion 5273,  off  western  Luzon,  27  miles  southwest  Corregidor  Light, 
114  fathoms,  mud,  shells,  and  coral  sand. 

Remarks. — Dorigona  pentaphylla  Alcock  from  271  fathoms,  Anda- 
man Sea,  is  closely  related  to  the  present  form.  Although  no  figures 
have  been  published,  I  think  there  is  little  doubt  that  the  two  are 
congeneric,  and  possibly  even  conspecific. 

UTHOSOMA  PENICHRA  Fbher. 

Plate  76,  fig.  2;  plate  77,  fig.  1;  plate  84,  fig.  6;  plate  85,  fig.  1;  plate  93, 

figs.  6,  6a-&. 

lAihosoma  penichra  Fisher,  1917&,  p.  90. 

Diagnosis. — ^Differing  from  L.  actinometra  in  having  slenderer, 
longer  rays,  narrower  marginal  plates,  restricted  petaloid  papular 
areas,  and  more  angular  furrow  margin  to  the  adambulacral  plates, 
the  consecutive  pairs  of  tube  feet  being  separated,  beyond  base  of 
furrow,  as  in  Nymphaster;  surface  of  plates  and  encircling  granules 
as  in  Z.  actinometra;  width  of  ray  at  proximal  end  of  first  pair  of 
superomarginals  (fifth),  which  meet  medially  equal  to  length  of 
first  3  or  8|  superomarginals  measured  on  ambitus  (6  in  Z.  aetino- 
metra).  R=86  mm.,  r=21  mm.,  R=4+r;  breadth  of  ray  at  inter- 
radius,  24  mm.,  at  proximal  end  of  fifth  superomarginal,  9.5  mm. 

Description. — ^Abactinal  plates  similar  to  those  of  L.  actinometra 
except  that  the  median  radial  plates  are  wider  than  long,  and  to  a 
slighter  extent  the  distal  adradials  also.  The  pedicellariae  are  rela- 
tively larger,  the  combined  jaws  when  open  being  one-third  to  one- 
half  the  diameter  of  plate,  and  each  jaw  is  as  broad  or  broader  at 
base  than  one  of  the  marginal  granules,  while  in  actinometra  a 
granule  is  two  or  three  times  as  broad  as  a  pedicellaria.  Even  though 
the  type  of  actinometra  is  very  much  larger  than  that  of  penichra^ 
the  abactinal  pedicellariae  are  slightly  smaller.  The  papular  areas 
are  petaloid  and  in  extreme  width  comprise  9  longitudinal  rows  of 
slightly  elevated  plates,  leaving  a  narrow  triangular  area  of  flat 
plates  (of  about  6  chevrons)  free  from  papulae.  Each  radial  plate 
has  from  15  to  25  four-sided  marginal  granules  flush  with  the  level 
of  the  plate.  The  granules  on  the  comers  of  the  plate  are  larger 
than  the  others.  The  edge  of  the  plate  is  sometimes  slightly  imeven, 
sometimes  very  straight 

From  the  coelomic  side  of  the  abactinal  integument  the  plates 
are  arcuately  hexagonal  with  truncate  comers  (or  have  short  trun- 
cate lobes)  between  which  are  the  circular  papular  pores.  The 
plates  fit  tightly  together  by  the  lobes,  and  the  surface  is  strongly 
convex — very  similar  to  that  of  L.  actinometra.  In  the  interradial 
areas  and  center  of  disk  the  hexagonal  plates  fit  tightly  together 
and  are  without  lobes. 


Digitized  by  VjOOQIC 


302  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

Superomarginals  81  or  82  in  number,  rather  narrow,  forming  a 
bevel  in  the  interbrachia,  and  sloping  slightly  on  the  basal  part  of 
ray,  the  border  of  the  ray  being  gradually  rounded  and  the  lateral 
face  of  plate  low  and  not  sharply  marked  off  from  the  dorsal.  Ex- 
treme width  of  first  plate  equal  to  or  slightly  more  than  length 
(about  twice  length  measured  along  inner  margin  of  plate  in  L.  acH- 
nometra) ;  extreme  width  of  fifth  plate  (meeting  medially  its  fellow) 
equal  to  length  of  fifth  and  sixth,  measured  on  ambitus  (in  L.  acti- 
nometra  corresponding  plate  equal  to  nearly  8  plates).  Superomarg- 
inals of  L.  actinometra  all  wider  than  long,  but  in  Z.  penichra  a 
variable  number  on  outer  part  of  ray  slightly  longer  than  wide,  and 
all  along  ray  the  plates  are  narrower  than  in  actinometra.  Pedicel- 
lariae  few.  The  distal  third  or  half  of  the  ray  lacks  granules  on 
the  transverse  margins  of  plate;  and  also  to  a  variable  extent  the 
granules  are  absent  along  the  median  suture  and  outer  margin.  (In 
L.  actinometra  the  last  few  plates  only  may  lack  marginal  granules 
on  all  but  the  outer  margin.)  Terminal  plate  slightly  wider  than 
long,  or  as  wide  as  long,  tubercular,  with  an  obtuse  extremity. 

Inferomarginals  narrow,  except  interbrachially,  and  extending 
laterally  a  trifle  beyond  superomarginals.  They  are  as  wide  as  long, 
or  a  little  wider  than  long,  up  to  the  fifth  or  sixth.  The  specimen 
from  station  5510  has  shorter  plates,  so  that  the  length  does  not 
equal  width  until  the  middle  of  ray,  or  beyond.  At  middle  of  ray 
17  or  18  adambulacrals  correspond  to  10  inferomarginals.  Pedicel- 
lariae  scattered  along  both  ventral  and  lateral  surfaces  of  plates, 
very  variable  in  number,  and  usually  few. 

Actinal  intermediate  areas  as  in  L.  actinometra^  but  the  pedicel- 
lariae  fewer  and  relatively  larger.  There  are  about  6  chevrons  of 
plates,  but  with  the  exception  of  those  adjacent  to  adambulacrals  they 
are  rather  irregularly  arranged. 

Adambulachral  plates  longer  than  wide,  with  angular  furrow  mar- 
gin (except  first  8  to  5  plates),  the  aboral  facet  of  the  apophysis  con- 
cave and  slightly  longer  than  the  adoral,  which  is  slightly  convex. 
Furrow  spinelets  5  to  7  on  the  first  few  plates,  increasing  to  9  or  10 
farther  along  ray,  the  mesial  spinelets  compressed,  prismatic,  blunt, 
the  laterals  broader.  The  2  aboral  members  are  the  broadest,  and 
have  a  blunt  lanceolate  contour,  and  serve,  with  the  adjacent  enlarged 
adoral  spinelet  of  the  succeeding  plate,  as  an  opercular  covering  for 
the  tube  feet.  In  the  type  there  is  a  distinct  interval  without  spine- 
lets on  the  aboral  facet  of  the  apophysis,  the  1  or  2  distalmost  spine- 
lets of  the  series  being  separated  from  the  rest  Near  the  center  of 
plate  is  a  pedicellaria,  with  2  or  3  broadly  spatulate  jaws,  becoming 
narrow  on  outer  part  of  ray.  Outer  margin  of  plate,  with  5  or  6 
convex  granules  larger  than  those  of  intermediate  areas;  and  2  or  3 
form  a  series  with  the  pedicellaria.    Whenever  the  pedicellaria  la 
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[acking  there  are  2  series  of  granules,  or  sometimes  2.5.  In  £.  aotino- 
metra  the  pedicellariae  are  much  smaller,  and  usually  2  or  8  to  a  plate, 
the  jaws  being  much  less  than  half  the  length  of  the  furrow  spinelets, 
3ut  in  L.  penichra^  despite  its  smaller  size,  the  pedicellariae  are 
actually  larger,  with  jaws  nearly  or  quite  as  long  as  the  furrow 
>pinelets. 

Mouth  plates  with  7  or  8  four-sided,  beveled,  chisel-shaped  furrow 
spines,  becoming  heavier  and  prismatic  at  inner  end  of  series,  and 
ibout  8  granules  following  the  other  2  sides. 

Madreporic  body  pentagonal,  surrounded  by  5  plates  and  situated 
one-third  distance  from  center  to  marginal  plates. 

Gonads  situated  as  in  Z.  actinometra. 

Type.— Cat  No.  87004,  U.S.N.M. 

Type-locality, — Station  6528,  between  Siquijor  and  Bohol  Islands, 
4S9  fathoms,  globigerina  ooze,  bottom  temperature  53.3^  F. 

Distribution. — ^Mindoro  to  Mindanao,  283  to  439  fathoms,  globi- 
gerina ooze  and  mud,  temperature  range  53^  to  53.3^  F. 

Specimens  examined. — ^In  addition  to  the  type,  13  from  the  follow- 
ing stations: 

Station  5123,  east  coast  of  Mindoro,  283  fathoms,  green  mud;  1 
specimen. 

Station  5388,  between  Burias  and  Luzon,  226  fathoms,  soft  green 
mud,  bottom  temperature  51.4®  F. ;  11  specimens  (1  with  4  rays). 

Station  5510,  Ilignn  Bay,  north  coast  of  Mindanao,  423  fathoms, 
gray  mud,  fine  sand,  bottom  temperature  53**  F. ;  1  specimen. 

Remarks. — ^It  is  not  possible,  with  the  limited  amount  of  material, 
to  decide  whether  this  form  is  a  distinct  species  or  a  deep-water  race 
of  L.  actinometra.  The  differences  between  the  specimens  have  been 
indicated  in  the  diagnosis  and  description. 

This  species  greatly  resembles  a  slender-armed  Nymphaster^  with- 
out granules  on  the  surface  of  the  plates.  The  "  mimicry ''  goes  even 
to  the  characteristic  angular  margin  of  the  adambulacral  plates,  with 
the  angular  furrow  series  separating  consecutive  pairs  of  tube  feet, 
and  to  the  form  of  the  abactinal,  marginal,  and  actinal  intermediate 
plates. 

Genus  ICONASTER  Sladen. 

Icanaster  Sladen,  18S9,  p.  261.    Type,  Astrogonium  longimanum  Mdblus. 

ICONASTER  LONGIMANUS  (Mlfblos). 

Plate  T7,  flg.  2 ;  plate  83,  flg.  5 ;  plate  93,  flg.  2,  2a ;  plate  104,  fig.  8. 

Astrogonium  longimanum  M&bitts,  1850,  p.  7,  pi.  1,  figs.  5,  6. 
Iconaster  longimanus  Sladen,  1889,  p.  261. 

Notes  on  Philippine  specimen. — R=40  mm.,  r=12  mm.,  R=3.3r. 
The  specimen  is  immature,  since  the  gonads  have  not  yet  appeared. 
The  abactinal  plates  are  dark  brown,  bordered  by  lighter  granules, 
the  marginal  granules  on  the  radial  areas  being  ivory  white.    The 
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median  radial  plates  and  2  parallel  series  on  eitlier  side  lack  gran- 
ules on  the  transverse  margins,  those  on  the  lateral  margins  being 
correspondingly  enlarged  and  acting  as  an  opercular  cover  to  pro- 
tect the  underlying  papulae.  The  other  plates,  of  which  the  pri- 
mary basals  are  largest,  ure  bordered  by  a  complete  series  of  smaU 
oblong  granules  flush  with  the  surface,  those  at  the  comers  more  or 
less  enlarged  and  opercular.  The  surface  of  the  plates  is  rough- 
ened by  numerous  uniform,  spaced,  low,  minute,  blisterlike  bosses, 
the  same  occurring  on  the  central  portion  of  the  marginal  plates. 
Madreporic  body  surrounded  by  3  plates.  From  the  coelomic  side 
the  plates  are  flat  and  have  6  truncate  lobes  which  meet  but  do  not 
overlap  those  'of  neighboring  plates,  the  lateral  lobes  being  best 
marked,  that  on  the  distal  and  proximal  margins  being  shorter, 
often  incipient  Papulae  6  about  a  plate.  Superomarginals  14,  the 
third  meeting  its  fellow  medially  (sixth  in  Doderlein's  Thursday 
Island  specimen;  see  1896,  pi.  18,  fig.  83).  These  first  3  plates  are 
of  nearly  uniform  width;  they  do  not  increase  in  size  as  in  LUho- 
soma  and  Aatroceramua  (usually).  Each  interradial  pair  of  plates 
is  dark  brown,  while  others  irregularly  along  the  ray  are  similarly 
colored.  Actinal  intermediate  plates  surrounded  by  flat  granules 
and  arranged  in  3  chevrOns  with  1  or  2  extra  plates  next  to  margin 
interradially. 

The  adambulacral  armature  consists  .of  granules  graded  in 
size  from  outer  margin  to  the  4  short,  blunt,  subprismatic,  almost 
granuliform  furrow  spines.  The  latter  are  in  curved  series,  the 
distal  end  overlapping  the  proximal  end  of  the  succeeding  series. 
Back  of  these  are  2  crowded  series  of  3  or  4  granules  each;  then 
^on  the  proximal  plates)  a  small  oval  bare  spot,  followed,  on  the 
outer  part  of  plate,  by  5  or  6  small  granules  like  those  of  the  inter- 
mediate plates.  The  subambulacral  spines  do  not  become  enlarged 
and  tubercular  on  the  outer  part  of  the  ray  as  in  Astroceramus  and 
Litho8oma.  The  granules  of  the  mouth  plates  also  have  the  closely 
banked  arrangement,  7  or  8  standing  on  margin,  and  the  inner  only 
a  trifle  enlarged.  There  is  no  sign  of  any  pedicellariae  on  the 
specimen. 

Distribution. — East  Indies  and  northern  Australia :  Malacca,  Bil- 
liton,  Jolo,  Aru  Islands,  Thursday  Island  (off  Cape  York,  Aus- 
tralia), Percy  Island  (Queensland). 

Specimen  examined. — Station  6174,  2.6  miles  west  of  Jolo  Light, 
Jolo,  Sulu  Archipelago,  20  fathoms,  coarse  sand;  surface  tempera- 
ture, 82''  F. 

Rem/irks. — ^In  a  recent  paper  on  Australian  echinoderms,  Dr.  H.  Ta. 
Clark,  1916,  p.  36)  contends  that  this  species  should  be  called  Dori- 
gona  longimana  for  the  following  reasons:  Dorigona  as  diagnosed 
by  Gray  in  1866  included  two  species — D.  reevesii  and  D.  longimana 
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{=Astrogonium  longimanum  Mobius).  The  first  species  is  held, 
without  dissent,  to  be  synonymous  with  Goniodiscus  capella  Miiller 
and  Troschel,  1842,  which  in  1865  had  been  made  the  type  of 
Offmaster  by  von  Martens.  In  1889  Sladen  made  the  second 
species — ^namely,  D.  longimana — the  type  of  Iconaster.  Doctor 
Clark  states  that  Gray  designated  no  type,  and  that  since  D.  reevesii 
is  inyalidated  by  having  been  made  under  another  name,  the  type 
of  Ogmaster^  "  Dorigona  longimana  (Mobius)  must  be  the  type  of 
Dorigona.^^  If  this  were  correct,  Iconaster  would  naturally  be  a 
name  of  later  application. 

The  original  description  of  Gray  (1866,  p.  7)  is  as  follows: 

Y.  DoBiGONA.  Body  depressed,  5  rayed,  smooth;  the  dorsal  and  oral  disk 
covered  with  many  smooth,  flat,  polygonal  squares;  the  marginal  ossicules 
without  any  mobile  spine. 

1.  Dorigona  reevesii'  (T.  7,  f.  8).  Inhab.  China  or  Japan;  common  in  boxes 
of  Insects  brought  from  China  and  Japan. 

See  a.  Dorigona   longimana»=Astrogonium   longimanum,   Mdbius,   AhJuindl, 

TV  (iseo)  7, 1 1,  f.  6,  e. 

The  only  species  in  the  British  Museum  was  evidently  D.  reevesii^ 
which  is  also  the  one  formally  listed,  and  hence  automatically  the 
type.  The  reference  to  D.  longimana  seems  to  be  casual,  an  "  aside,'' 
such  as  Gray  frequently  indulged  in,  as,  for  example,  on  the  same 
page  under  Stellaster.  Here  we  find  "  1.  Stellaster  Childreni^^^  fol- 
lowed by  "  See  a,  Asterias  equestris  Retz.  *  *  *  &.  Stellaster 
gracilis'^ohiusJ'^  We  know  that  the  first  species  is  the  type,  because 
the  genus  was  described  monotypicifeUy  in  1840.  Gray  naturally 
chose  a  species  with  which  he  was  personally  acquainted. 

The  following  observations  are  pertinent  in  judging  the  merits  of 
this  case : 

1.  A  species  doubtfully  referred  to  a  genus  can  not  subsequently 
be  made  its  type,  especially  in  place  of  a  figured  or  described  species 
upon  which  the  generic  name  appears  to  be  based  (Z>.  reevesii). 

2.  The  first  reviser  of  a  genus  can  not  revise  the  genus  before  it  is 
•described.     In  other  words,  what  von  Martens  in  1865  did  with 

Goniodiscus  capella  does  not  have  a  revisional  effect  on  Dorigona 
reevesii  (the  same  species)  in  1866i  Whoever  comes  after  Gray  must 
choose  the  type  of  Dorigona  upon  the  data  submitted  by  Gray,  not 
upon  what  von  Martens  thought  or  did  before  Gray's  genus  was 
published.  This  answers  Dr.  Clark's  statement  that  D.  reevesii  is 
invalidated  for  the  type-species  of  Dorigona  by  having  already  been 
made  the  type  of  Ogmaster, 

3.  Since  Sladen  eliminated  D.  longimana  by  making  it  the  type  of 
Iconaster,  he  became  the  first  reviser,  and  automatically  fixed  the 
type  of  Dorigona  as  D.  reevesii.  No  one  is  at  liberty  to  change  this 
type.    The  type  of  Dorigona  is  D.  reevesii^  first,  because  it  is  the 


Digitized  by  VjOOQIC 


806  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

only  species  listed  formally  "  without  doubt,"  and,  second,  because  the 
first  reviser  so  fixed  it  by  the  simple  process  of  removing  the  second 
species  from  the  genus. 

Darigona  is,  therefore,  a  straight  synonym  of  Ogmaster^  and  Icon- 
aster  is  a  tenable  name  for  Astrogonium  longimanum. 

Dr.  David  Starr  Jordan  concurs  in  this  view. 

Subgenus  Glyphodiscus  Fisher. 

Olyp?iodiscu8  Fisheb,  1917e,  p.  173.  Type,  Iconaster  perierctua  Fisher. 
Diagnosis. — Differing  from  Iconaster  s.  s.  in  having  conspicu- 
ously elevated  and  rough  superomarginal  plates;  a  complete  series 
of  peripheral  granules  on  the  abactinal  plates,  which,  moreover,  are 
perfectly  smooth,  lacking  the  tiny  blisterlike  bosses  of  Iconaster;  a 
less  compact  adambulacral  armature. 

ICONASTEB  PEHIERCTUS  Flflhcr. 

Plate  79,  fig.  4 ;  plate  81,  fig.  3 ;  plate  83,  figs.  2,  3 ;  plate  93,  fig.  1,  la. 
Iconaster  perierctus  Fisher,  1913a,  p.  642. 

Diagnosis. — ^Differing  from  /.  longimanus  in  having  more  elevated 
and  rough  superomarginals;  all  the  abactinal  plates  perfectly  smooth 
and  with  a  complete  series  of  peripheral  granules;  a  less  compact 
adambulacral  armature  with  fewer  spines  and  granules.  R=23  mm., 
r=10  mm.,  R=2.3  r;  breadth  of  ray  at  inner  end  of  third  'supero- 
marginals, 6  mm.,  or  the  length,  of  the  first  3  superomarginals  meas- 
ured on  ambitus.  Superomarginals  tabulate,  separated  by  conspicu- 
ous grooves,  the  surface  having  irregular  elevations  but  no  granules 
nor  blisterlike  minute  bosses;  beyond  the  second  plate  they  are 
united  on  the  median  line  of  ray;  abactinal  area  sunken,  the  plates 
perfectly  smooth  with  a  single  peripheral  series  of  granules  largest 
on  the  radial  papular  areas;  peripheral  plates  tumid,  the  others 
slightly  swollen,  with  a  plane  surface,  but  not  tabulate;  plates  of 
center  of  disk  very  conspicuously  the  largest;  inferomarginal  platej  , 
tumid,  the  first  3  or  4  perfectly  smooth,  the  remainder  with  slight 
roughening;  actinal  intermediate  plates  in  3  chevrons,  smooth,  with 
a  single  peripheral  series  of  oblong  granules;  adambulacral  plates 
small,  wider  than  long  with  3  or  4  small,  stubby,  furrow  spinelets  and 
following  these,  2  shorter,  compressed,  flat-sided  granules,  the  outer 
part  of  the  plate  being  occupied  by  4  or  5  small  prismatic  granules. 

Description. — Abactinal  area  pentagonal,  slightly  produced  at  the 
comers  and  sunken  below  the  level  of  the  marginal  plates.  The 
plates  are  perfectly  smooth,  without  the  tiny  blisterlike  elevations 
of  /.  longimanus^  Astroceramus,  and  Lithosoma.  Five  large  hex- 
agonal plates  symmetrically  arranged  in  a  quincunx  in  the  inter- 
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radial  regions,  as  well  as  all  the  plates  immediately  adjacent  to  the 
siipcromarginals  (including  4  or  5  distal  median  radial  plates)  are 
distinctly  tumid  either  in  the  middle  or  over  the  whole  surface. 
Three  of  the  above-mentioned  interradial  plates  nearest  center  of 
disk  have  the  convexity  in  the  form  of  a  low  mamelon  in  the  middle 
of  the  plate.  A  circle  of  10  plates,  including  the  5  primary  basals 
(the  largest  plates),  encloses  a  stellate  area  comprising  a  central 
and  5  ^'  inf  rabasal  '^  plates  with  a  small  extra  plate  between  2  inf ra- 
basals.  Outside  the  circle  of  basals  and  ^^  inf raradials ''  is  a  very 
regular  circle  comprising  15  plates — 6  pairs  of  large  subhexagonal 
plates  abutting  against  the  still  larger  basals  and  each  with  a  low 
central  convexity.  Between  each  pair  is  the  broadly  oval  primary 
radial  plate,  from  which  proceeds  a  very  regular  series  of  8  or  9 
radial  plates,  that  adjacent  to  the  primary  radial  being  abruptly 
smaller,  the  rest  increasing  in  size  distally.  These  and  a  parallel 
similar  adradial  series  are  margined  by  subtruncate  finger-nail- 
shaped  granules  which  ar^  set  slightly  below  the  general  level  of 
the  plates,  and  which  arch  over  conspicuous  intervals  between  the 
plates,  and  hide  the  papulae  beneath.  The  other  plates  are  bor- 
dered by  smaller,  very  narrow,  elongate  granules,  with  a  straight 
enter  edge  and  set  a  trifle  below  the  level  of  the  surface,  for  all  the 
plates  are  very  slightly  swollen,  although  the  general  surface  may 
be  plane.  The  plates  of  the  radial  areas,  including  the  midradial 
and  2  series  on  each  side,  are  the  smallest  and  have  the  largest 
peripheral  granules.  The  papulae  are  distributed  all  over  the  disk, 
except  1  chevron  of  large  interradial  plates. 

The  plates  of  the  radial  areas  are  6-lobed,  the  2  lateral  lobes  of 
each  side  being  the  most  prominent,  bent  slightly  downward  and 
overlapping  a  trifle  the  lobes  of  adjacent  plates.  The  distal  and 
proximal  lobe  is  really  only  incipient,  truncate,  and  tightly  joined, 
end  to  end,  with  the  next  plates.  Coelomic  surface  plane  or  slightly 
concave,  not  convex,  as  in  Lithosoma. 

Superomarginals  7  or  8  to  the  ray,  very  massive,  conspicuously 
elevated  or  tabulate,  with  an  uneven  surface  much  as  in  Astro- 
ceramus  sphaeriostictus^  the  interval  between  the  plates  being  a 
rather  deep  sulcus.  A  similar  sulcus  follows  the  midradial  line, 
as  the  third  superomarginal  meets  its  fellow  medially,  and  the  re- 
mainder of  ray  is  composed  of  superomarginals  only.  Seen  from 
above,  the  first  2  plates  are  slightly  wider  than  long  and  nearly  of 
a  size,  but  from  this  point  they  gradually,  but  rather  rapidly,  de- 
crease in  size,  the  outer  plates  being  a  trifle  longer  than  wide  or 
the  2  dimensions  equal.  .Despite  the  unevenness  of  the  plate,  sug- 
gestmg  strongly  the  condition  of  Astroceramus  sphaeriostictua^ 
there  are  no  granules  such  as  are  presEnt  in  that  species,  but  there 
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is  a  single  marginal  series  of  small  elongate  4-sided  granules  over- 
hanging and  closing  a  very  narrow  groove  or  channel.  A  very  few 
plates  have  a  tiny  2- jawed  narrow  spatulate  pedicellaria  near  the 
inner  margin.  Terminal  plate  wider  than  long,  rather  large,  tuber- 
cular, and  cordiform,  the  surface  roughened  by  minute  elevations, 
but  without  granules. 

Inferomarginals  corresponding  to  superomarginals  and  much  less 
tumid,  the  surface  being  smooth  and  without  irregular  roughening 
or  elevations  (except  on  the  last  3  or  4  plates).  The  plates  form  a 
rounded  margin  to  the  ray,  the  aotinal  surface  being  wider  than  the 
lateral,  and  as  seen  from  below  the  first  plate  is  a  trifle  wider  than 
long,  while  the  remainder  are  a  trifle  longer  than  wide.  Marginal 
granules  similar  to  those  of  superomarginals. 

Actinal  intermediate  plates  squarish,  smooth,  very  slightly  tumid, 
arranged  in  8  chevrons  with  an  extra  plate  adjacent  to  marginal  in- 
terradially.  The  interradial  plate  at  the  apex  of  the  2  outer 
chevrons  is  the  largest  of  its  series,  but  the  innermost  chevron  has 
small  paired  plates  behind  the  mouth  plates.  What  appears  to  be 
the  odd  interradial  of  that  chevron  is  really  the  second  enlarged  plate 
in  the  left  arm  of  the  chevron,  the  corresponding  right  plate  being 
small  and  wedged  out  of  place.  The  former  usually  bears  a  slender 
spatulate  pedicellaria.  The  plates  are  all  margined  by  oblong  gran- 
ules in  a  single  series. 

Adambulacral  plates  small,  wider  than  long,  with  proximally  a 
slightly  convex  furrow  margin  which  becomes  distally  more  convex. 
Furrow  spines  small,  3  or  4,  about  as  large  as  the  plate,  thick,  sub- 
truncate,  and  crowded.  Near  the  end  of  the  ray  these  are  reduced 
first  to  2  (of  which  the  aboral  is  the  larger)  and  finally  to  1.  Back 
of  these  are  2  shorter  compressed,  rounded  or  subtruncate  granules, 
as  wide  or  wider  than  high,  with  flat  side  to  furrow  and  occupying 
the  whole  length  of  the  plate.  These  are  followed  by  4  or  5  smaller 
prismatic  granules,  in  2  series,  or  simply  bordering  the  syiall  plates 
so  that  they  appear  in  2  series.  The  small  distal  plates  which  have 
only  1  furrow  spinelet,  have  usually  1  subequal,  subambulacral  spine- 
let  with  1  to  3  additional  granules.  Although  the  subambulacral  is 
slightly  enlarged  over  the  furrow  spines  at  the  end  of  the  ray,  it  is 
not  markedly  so,  and  would  not  naturally  be  considered  as  an  en- 
larged spine.  Instead  of  the  adoral  granule  of  the  first  series,  a  few 
plates  bear  a  pedicellaria  with  2  spatulate  smooth  jaws  which  open 
across  the  plate,  the  outer  jaw  reaching  the  marginal  granules. 

Mouth  plates  small,  flat,  triangular,  with  a  straight  furrow  margin 
having  6  spinelets,  the  inner  2  compressed  and  enlarged.  Suboral 
granules,  a  series  of  4  parallel  with  the  furrow  series  and  similar  to 
the  subambulacral ;  back  of  these,  a  series  bordering  the  median  and 
outer  suture,  similar  to  the  outer  granules  of  the  adambulacrals. 
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Madreporic  body  small,  situated  one-third  of  r  from  center,  and 
surrounded  by  3  large  plates. 

Gonads  in  a  single  cluster  on  either  side  of  the  membranous  inter- 
brachial  septum. 

Type.—C^X.  No.  80554,  U.S.N.M. 

Type-locaUty. — Station  5166,  4.6  miles  southeast  of  Observation 
Island,  Tawi  Tawi  Oroup,  Sulu  Archipelago,  97  fathoms,  coral 
sand,  bottom  temperature  69.4^  F. ;  1  specimen. 

Distribution. — Known  only  from  the  type-locality. 

Remarks. — ^The  generic  position  of  this  species  is  very  puzzling. 
The  dorsal  skeleton  and  the  very  tumid  roughened  superomarginals 
would  ally  it  to  Astrocerarmts.  But  the  actinal  intermediate  plates 
are  like  those  of  Iconaster  and  LithosomOy  being  without  central 
granules.  The  adambulacral  armature  is  similar  to  that  of  Icorir^ 
aster,  while  suggesting  Astrocerairvus  in  the  slightly  more  differ- 
entiated inner  subambulacral  series  and  in  the  presence  of  a  con- 
spicuous transversely  oriented  pedicellaria.  To  put  these  facts  in  a 
different  way,  /.  periercPus  differs  from  Iconaster  in  having  the 
dorsal  radial  plates  entirely  surrounded  by  granules,  and  in  having 
the  tumid  superomarginals  roughened  by  uneven  elevations  (which, 
unlike  those  of  Astroceramus,  do  not  bear  scattered  granules).  It 
differs  from  Astroceromius  in  lacking  any  trace  of  marginal  and 
enlarged  central  actinal  intermediate  granules,  in  having  the  adam-  * 
bulacral  armature  graded  from  the  short  furrow  spines  to  the  outer 
granules,  and  in  the  absence  of  a  conspicuously  enlarged  subambu- 
lacral spine  on  the  outer  part  of  the  ray. 

The  types  of  Iconaster  and  Astrooercamis  are  so  distinct  that  I  see 
uo  utility  in  merging  the  2  genera.  For  the  present,  at  least,  I  think 
it  is  better  to  regard  the  arrangement  of  the  peripheral  granules  of 
the  radial  plates  as  of  less  than  generic  importance,  and  to  rest  the 
distinction  between  the  2  groups  upon  the  difference  in  the  adam- 
bulacral and  actinal  intermediate  armature,  as  well  as  «pon  the 
absence,  in  Iconaster,  of  granules  on  the  marginal  plates. 

Despite  the  small  size  of  /.  perierctus,  the  gonads  are  well  de- 
veloped. 

In  the  transactions  of  the  Linnaean  Society  of  London  for 
1909-1910  (vol.  13,  Zoology,  p.  22),  Bell  diagnoses  Iconaster  gardir 
neri  from  Saya  de  Malha  Bank,  western  Indian  Ocean,  125  f athoma 
I  have  examined  the  type  at  the  British  Museum.  It  is  a  typical 
Nymphaster  related,  perhaps,  to  N.  dyscritus  Fisher. 

Genus  ASTROCERAMUS  Fisher. 

Astroceramufi  Fismcs,  1906,  p.  1066.    Type,  A.  ealUmorphus  Fisher. 

Diagnosis. — ^Belated  to  Iconaster  Sladen,  but  differs  in  having  the 
marginal  plates  beset  with  rather  coarse,  deciduous  granules;  in  hav- 
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ing  central  tubercular  granules  on  the  actinal  intermediate  plates, 
and  in  having  the  furrow  spines  stout,  often  compressed,  few  in 
number,  with  1  to  3  more  or  less  swollen,  enlarged,  subambulacral 
spines.  Pedicellariae  spatulate,  entrenched,  usually  with  denticulate 
jaws.  In  addition  typical  species  have  the  proximal  superomarginal 
plates,  increasing  in  size  up  to  the  third,  thence  decreasing,  the  third 
or  fourth  meeting  its  fellow  medially,  the  ray  being  composed,  dor- 
sally,  of  the  superomarginals  only. 

SYNOPSIS  OF  THE   SPECIES  OF  ASTBOCERAMUS  HEREIN  DESCRIBED. 

a\  Abactinal  plates  perfectly  smooth,  without  pediceUarlae  or  central  granules; 
granules  of  superomarginal  plates  on  edge  of  ray  only ;  subambulacral  pedi- 
cellariae few;  furrow  spines  prozimally  strongly  compressed. 

lionotus,  p.  810. 

a\  One  or  two,  rarely  upward  of  5,  acorn-shaped,  tubercular  granules  on  tlie 
middle  of  the  abactinal  plates;  numerous  abactinal  broadly  spatulate 
pediceUarlae;  superomarginal  granules  scattered  over  surface  of  plate; 
subambulacral  pedicellariae  more  numerous;  furrow  spines  proximally 
slender,  but  markedly  compressed aphaerioatictus,  p.  dlS. 


ASTROCERAMUS  UONOTUS  1 

Plate  81,'  fig.  1 ;  plate  82,  fig.  1 ;  plate  84,  fig.  3 ;  plate  94,  figs.  2,  2a. 

AsirOceraTMM  Uonotus  Fishes,  1013a,  p.  043. 

Diagnosis. — Similar  in  appearance  to  A.  odllimorphus  but  differ- 
ing in  having  less  tumid  marginal  plates,  especially  on  the  ray, 
slightly  smaller  abactinal  plates,  and  very  strongly  compressed, 
bladelike,  subtruncate  furrow  spines;  subambulacral  pedicellariae 
slenderer  and  longer  than  the  actinal  intermediate  pedicellariae,  not 
similar  to  them.  R=79  mm.,  r=22  mm.,  R=3.6  r;  breadth  of  ray 
at  inner  end  of  first  pair  of  superomarginals  which  meet  medially 
equal  to  length  of  first  3f  or  4  superomarginals  measured  on  ambitus; 
thickness  of  disk  interradially  equal  to  length  of  1^  adjacent  supero- 
marginal^. Abactinal  plates  flat,  smooth,  except  for  minute  hyaline 
bosses,  and  bordered  by  small  granules  flush  with  the  general  sur- 
face; superomarginal  plates  massive,  increasing  in  size  up  to  the 
third  or  fourth,  which  meet  medially;  margin  of  ray  forming  an 
abrupt  right  angle,  with  imeven  elevations  bearing  scattered  de- 
ciduous granules,  these  encroaching  upon  surface  of  plates  inter- 
radially;  a  few  marginal  sugar-tongs  pedicellariae;  inferomarginals 
slightly  and  unevenly  tumid,  with  upward  of  30  deciduous  granules; 
marginals  bordered  by  a  moniliform  series  of  small  granules;  actinal 
interradial  areas  very  similar  to  those  of  A.  callimorphus;  furrow 
spines  4  or  5,  compressed,  and  widened  at  tip ;  subambulacral  spines 
2  or  3,  heavy,  with  proximally,  between  them  a  slender  spatulate  two- 
jawed  pedicellaria ;  on  outer  part  of  ray  subambulacral  spine  single 
and  much  longer  than  furrow  spines. 
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Description. — ^Abactinal  plates  perfectly  flat,  very  close-set,  hex- 
agonal to  roundish-hexagonal,  similar  to  those  of  A.  calUmorphtis 
but  smaller  and  slightly  more  numerous  Marginal  granules  small, 
with  rounded  or  truncate  distal  margin,  as  wide  as  long,  or  longer 
than  wide,  and  30  to  35  around  the  larger  plates.  Surface  of  plates 
with  numerous,  spaced  hyaline  bosses  or  convexities  considerably 
smaller  than  the  marginal  granules.  Papulae  all  over  abactinal  sur- 
face, except  a  very  small  interradial  triangle. 

Abactinal  plates  from  the  coelomic  side,  flat  (not  convex  as  in 
Lithosoma)  those  of  the  papular  area  having  6  lobes,  which  touch 
those  of  neighboring  plates,  the  lateral  lobes  being  narrower  than  the 
proximal  and  distal,  these  being  sometimes  suppressed,  or  represented 
by  only  a  convexity  on  the  edge. 

Marginal  plates  massive,  both  series  with  a  right  angle  marking 
the  margin  of  ray,  the  lateral  face  of  ray  being  vertical.  Supero- 
marginals  19  or  20,  increasing  in  size  up  to  the  third  or  fourth, 
which  meet  medially;  thence  the  plates  decrease  in  breadth  rather 
more  rapidly  than  in  length.  First  plate  dorsally  about  as  wide 
as  long,  but  the  next  2  are  increasingly  wider  than  long.  tThere  is 
some  variation  in  the  length  of  the  plates;  usually  the  sixth  is 
longer  than  wide,  the  length  decreasing  over  the  width  gradually 
on  the  succeeding  plates.  Interradially  and  near  the  end  of  ray  the 
lateral  face  is  nearly  as  high  as  width  of  dorsal  face;  elsewhere  a 
little  less  to  a  little  more  than  half  the  width.  Plates  are  smooth, 
except  for  8  to  12  depressed,  subglobose,  deciduous  granules  scat- 
tered on  the  margin  of  ray  on  slight,  uneven  elevations  of  the  plate* 
In  the  interbrachia  these  scattered  granules  encroach  upon  the  dorsal 
surface,  and  on  outer  third  of  ray  are  lacking.  A  few  of  the  proxi- 
mal plates  have  an  entrenched  sugar-tongs  pedicellaria  with  denticu- 
late spatulate  jaws.  Margin  of  plates  with  a  regular  moniliform 
series  of  small  pearl-shaped  granules,  much  smaller  than  those  on 
the  surface  of  plate;  these  are  lacking  on  the  last  half  dozen  plates* 
Terminal  plate  large,  tubercular,  subtruncate,  longer  than  wide,  with 
2  granulif  orm  tubercles  at  the  tip. 

Inferomarginals  narrower  than  superomarginals,  and  decreasing 
regularly  in  size  from  the  first.  Proximally  they  correspond  to  the 
superomarginals;  at  middle  of  ray  they  nearly  alternate,  and  at  the 
tip  correspond  again.  The  surface  of  plates  (except  last  7  or  8) 
is  irregularly  tumid  and  imeven,  with  proximally  25  or  30  scattered 
deciduous  granules,  decreasing  in  number  distad,  and  becoming 
more  and  more  confined  to  the  lateral  margin  of  the  ray.  The  plates 
are  surrounded  by  a  moniliform  series  of  granules  similar  to  those 
of  the  superomarginals,  and  on  the  ventral  surface  of  the  first  2 
plates  there  is  an  entrenched  sugar-tongs  pedicellaria. 
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Actinal  intermediate  plates  4-  or  6-sided«  in  5  chevrons,  the 
plates  reaching  to  fourth  inferomarginal,  and  isolated  plates  reach- 
ing to  sixth.  The  plates  are  separated  by  shallow  grooves  and  bor- 
dered by  a  single  series  of  small  subcorneal  or  acorn-shaped  granules, 
considerably  larger  than  those  bordering  the  inferomarginals,  the 
surface  of  plate  carrying  1  to  6  larger,  unequal,  acorn-shaped  or  sub- 
globose  scattered  granules.  A  few  of  the  plates  adjacent  to  furrow 
have  a  spatulate  sugar-tongs  pedicellaria,  which  is  guarded  by  1  or  2 
granules,  and  the  broadly  spatulate  denticulate  jaws  are  dark  brown 
at  the  tip. 

Adambulacral  plates  considerably  wider  than  long  proximally, 
gradually  narrowing  until  they  are  as  wide  as  long,  or  sometimes 
on  outer  part  of  the  ray  longer  than  wide.  Furrow  spines  4  or  5, 
very  strongly  compressed  and  broad  at  the  tip,  which  is  roundly 
truncate,  the  edge  being  toward  furrow.  Spaced  from  these  is  a 
longitudinal  series  of  2  heavy,  though  proximally  slightly  shorter, 
clavate,  blunt  spines  with  sometimes  a  third  smaller  granulifonn 
member  at  the  proximal  end  of  series.  These  spines  are  sometimes 
irregulariy  grooved,  on  the  proximal  plates.  On  the  outer  part  of  the 
ray  the  furrow  spines  become  shorter,  and  the  subambulacral  spines 
are  reduced  to  a  single,  heavy,  tubercular,  blunt,  slightly  tapering 
spine,  longer  than  the  furrow  spines.  The  outer  two-thirds  of  the 
plate  is  bordered  by  granules  similar  to  those  of  the  actinal  inter- 
mediate plates,  with  2  or  3  slightly  larger  acorn-shaped  granules 
on  the  surface.  A  few  of  the  proximal  plates  have,  between  the  2 
subambulacral  spines,  a  pedicellaria  with  2  rather  narrowly  spatulate 
jaws  nearly  or  quite  as  long  as  the  spines  and  opening  on  the  trans- 
verse axis  of  the  plate.    The  inside  of  the  jaw  is  concave. 

Mouth  plates  slightly  convex  actinally  witih  9  or  10  strongly  com- 
pressed furrow  spines,  the  innermost  very  thin  and  broad  at  the 
tip,  and  sometimes  concave  on  one  side  so  as  to  appear  scoop-shaped. 
Corresponding  to  the  subambulacrals  are  8  suborals,  the  outer  part 
of  the  plate  being  margined  by  8  or  9  granules. 

Madreporic  body  shield-shaped,  surrounded  by  5  plates  of  which 
3  are  larger  than  itself.  It  is  situated  about  one-fourth  r  from  center. 
Striations  fine,  ridges  coarse,  interrupted. 

Color  in  alcohol,  bleached  yellowish. 

Gonads  in  a  single  tuft  on  either  side  of  the  interbrachial  septum. 

ryp6.— Cat.  No.  30655,  U.S.NJML 

Type-locality. — Station  5528,  6.7  miles  northeast  of  Point  Tagolo, 
northern  Mindanao;  depth  and  bottom  not  recorded;  1  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^This  form  is  closely  related  to  A.  cdUimorphus  Fisher, 
from  127  fathoms,  between  Maui  and  Molokai,  Hawaiian  Islands. 
The  most  obvious  difference  is  in  the  adambulacral  armature,  the 
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furrow  spines  of  lionotua  being  much  compressed,  broadened  at  tip, 
and  with  the  edge  to  the  furrow.  The  form  and  position  of  the 
subambulacral  pedicellaria  is  also  characteristic.  The  jaws  are  nar- 
rower than  those  of  the  actinal  intermediate  pedicellariae,  being  com- 
pressed, while  in  caUimorphMs  the  occasional  subambulacral  pedicel- 
laria is  like  those  of  the  actinal  intermediate  plates.  In  calUmorph/us 
the  madreporic  body  is  surrounded  by  8  large  plates,  and  in  lianot/ua 
by  3  large  and  2  small  ones. 

ASTROCERAMUS  SPHAEBIOSnCTUS  rtoher. 

Plate  81,  fig.  2 ;  plate  82,  fig.  2 ;  plate  84,  figs.  4,  7 ;  plate  94,  figs.  1,  la. 
A8troceramu8  aphaeriostictus  Fisheb,  1918a,  p.  644. 

Diagnosis. — Similar  in  general  appearance  to  A.  lionotus^  but 
differing  in  having  1  or  2,  rarely  upward  of  6,  acorn-shaped,  tubercu- 
lar granules  on  the  middle  of  the  abactinal  plates;  numerous  abacti- 
nal,  broadly  spatulate,  or  narrowly  fan-shaped  sugar-tongs  pedicel- 
lariae;  more  numerous  marginal  granules,  scattered  over  the  entire 
surface  of  marginal  plates;  larger  and  more  numerous  actinal  inter- 
mediate pedicellariae  and  coarser  tubercular  granules;  more  numer- 
ous subambulacral  pedicellariae;  proximally  slenderer  furrow  spines; 
commonly  only  1  larger  subambulacral  spine,  or  if  2,  these  frequently 
in  a  transverse  series;  slenderer  oral  spines.  B=78  mm.,  r=22.5  mm., 
E=3.2-|-r;  breadth  of  ray  at  proximal  end  of  third  pair  of  supero- 
marginals  (which  meet  medially)  equal  to  length- of  first  4^  supero- 
marginals  measured  on  ambitus. 

Description. — ^Abactinal  plates  of  papular  areas  subcircular,  or  be- 
tween circular  and  hexagonal,  becoming  hexagonal  on  the  interradial 
nonpapular  areas,  bordered  by  a  single  moniliform  series  of  very 
small,  thin  granules  which  have  a  rounded  outer  edge  on  the  papular 
areas  and  are  more  nearly  straight-edged  interradially.  The  center 
of  the  plate  bears  1  or  2,  or  on  center  of  disk  upward  of  5,  broadly 
acorn-shaped,  tubercular  granules  equal  in  diameter  to  about  2  mar- 
ginal granules,  but  very  much  more  conspicuous,  appearing  from 
above  like  whitish  globular  beads,  though  in  reality  subcorneal. 
Many  of  the  plates  bear  a  conspicuous  2-jawed,  broadly  spatulate, 
entrenched  pedicellaria,  often  close  to  a  granule  or  between  two. 
The  jaws  are  often  crenulate  on  the  margin  and  about  as  high  as 
the  granule.  The  surface  of  the  plate  is  roughened  by  very  regular 
uniform  blisterlike  convexities  which  have  a  subhyaline  appearance. 
Papular  areas  include  the  center  of  disk  and  petaloid  radial  areas 
comprising  about  7  rows  of  plates.  The  papulae  are  crowded,  there 
being  as  many  as  8  around  some  of  the  plates.  It  should  be  noted 
that  the  abactinal  plates  are  arranged  in  regular  series  parallel  to 
the  median  radial. 
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Superomarginals,  18  in  number,  are  massive  and  in  form  are  much 
as  in  A.  lioTwtus^  but  more  tumid  interradially.  They  increase  in 
size  up  to  the  third,  which  is  very  broad  and  meets  its  fellow  inters 
radially,  thence  they  decrease  rather  rapidly  in  width,  the  first  plate 
and  the  fifth  being  about  as  long  as  width  of  dorsal  surface,  the  sixth 
and  succeeding  plates  being  a  little  longer  than  wide.  The  plates  are 
bordered  by  a  monilif orm  series  of  tiny  elongate  granules,  and  the 
surface  is  tumid,  and  marked  by  uneven  elevations  bearing  deciduous 
spherical  granules  singly,  in  groups,  or  in  irregular  lines,  these  being 
all  over  the  surface  but  most  numerous  on  the  rounded  margin  of  ray. 
The  interbrachial  plates  are  most  tumid  and  have  the  most  numerous 
granules  (upward  of  a  hundred).  Far  along  ray  the  plates  are  not 
very  tumid,  but  have  slight  uneven  eminences  and  granules  scattered 
all  over  the  surface.  On  the  ray  of  A.  lionottis  the  granules  are  only 
on  the  edge,  not  scattered  all  over  the  plate.  The  longitudinal 
suture  along  the  side  of  ray,  as  well  as  the  transverse  sutures,  are  at 
the  bottom  of  a  shallow  sulcus,  due  to  the  tumidity  of  the  plate.  No 
superomarginal  pedicellariae.  Terminal  plate  large,  as  broad  as 
long,  with  several  tubercular  granules  on  the  blunt,  rounded  tip. 

Inferomarginals  smaller  than  superomarginals  and  decreasing 
regularly  in  size,  being  longer  than  wide  beyond  the  fourth.  They 
form  a  tumid. ventrolateral  ridge  all  along  the  ray  and  eadi  plate  is 
independently  tumid,  and  provided  with  irregular  eminences  crowded 
with  lines  of  spherical  granules,  as  in  the  case  of  the  supero- 
marginals. The  first  5  or  6  plates,  with  an  occasional  omission,  have 
on  the  ventral  surface  or  rounded  margin  a  pedicellaria,  with  fan- 
shaped  jaws,  guarded  on  either  side  by  a  prominent  granule.  The 
jplates  are  margined  by  small  elongate  immersed  granules,  which 
overhang  a  narrow  sutural  groove.  Interradially  the  plates  as  seen 
from  the  side  are  nearly  as  thick  as  the  superomarginals,  but  they 
rapidly  become  smaller  beyond  the  middle  of  ray.  Ten  infero- 
marginals nearest  middle  of  ray  corresponding  to  80  adambulacrab. 

Actinal  interradial  areas  similar  in  appearance  to  those  of  A.  caUir 
morphua  and  A.  Uonotus,  but  pedicellariae  more  numerous  and  larger 
than  in  the  latter  and  about  the  same  size  as  in  caUimorphus.  Plates 
with  4  unequal  sides,  in  5  chevrons,  with  an  unpaired  plate  at  the 
apex  of  each  and  an  extra  plate  or  two  interradially  adjacent  to 
margin.  They  extend  to  the  fifth  or  sixth  inferomarginal  with  1  or 
2  isolated  plates  reaching  the  eighth.  They  are  bordered  by  small, 
unequal,  slightly  compressed,  subcorneal  or  subfoliaceous  granules 
similar  to  those  of  A.  lionotris,  but  a  little  smaller.  Three  to  6  or 
even  6  prominent  tubercular  acorn-shaped  granules  stand  on  the 
surface  of  the  plate  in  a  group,  a  line,  or  scattered.  These  are  a 
i^rifle  larger  than  the  abactinal  granules,  much  larger  than  the  mar- 
ginal granules,  and  slightly  larger  than  the  corresponding  granules 
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of  A.  Uonotus.  Most  of  the  plates  adjacent  to  adambulacrals  and 
upward  of  a  dozen  others  in  each  area  bear  a  large  sugar-tongs  pedi- 
cellaria,  guarded  by  a  special  granule  on  either  side.  The  2  jaws  are 
spatulate  or  narrow  fan-shaped,  with  a  denticulate  rounded  distal 
margin,  or  the  expanded  distal  part  may  narrow  abruptly  to  widen 
slightly  at  the  base.  The  depressions  into  which  the  jaws  fit  when 
open  are  very  shallow  and  inconspicuous. 

Adambulacral  plates  wider  than  long  and  in  the  middle  region  of 
ray  shorter  than  in  lionotits  (about  S  of  lionotus  equaling  8^  or  3f 
of  9phaeno8tictus.  At  the  same  time  the  inferomarginals  of  the 
latter  are  a  little  the  shorter,  so  that  in  10  inferomarginals  there  are 
about  30  adambulacrals  in  both  specie&  Furrow  margin  slightly 
convex ;  furrow  spines  4  or  6,  slenderer  proximally  than  in  lionotus, 
Oji  the  first  few  plates  they  are  slender,  tapering  and  not  at  all  or 
only  a  trifle  compressed  and  slightly  swollen  at  tip.  Throughout 
most  of  the  ray  they  are  slightly  to  markedly  compressed  to  a  uni- 
form thinness,  but  either  taper  toward  the  point  or  flare  slightly  in 
the  other  dimension.  The  tip  may  be  bluntly  pointed  or  broad-trun- 
cate or  rounded.  Subambulacral  spines  1  or  2,  occassionally  8,  heavy 
and  clavate  as  in  lionotus^  but  proximally  larger  and  (as  in  lionotus) 
frequently  marked  by  shallow  longitudinal  sulcuses  at  the  broadened 
end,  which  sometimes  appears  to  be  notched.  Instead  of  forming  a 
longitudinal  series  the  spines  usually,  when  there  is  more  than  one, 
stand  in  an  oblique  transverse  series,  the  outer  spine  the  shorter. 
The  majority  of  plates  have  but  1  spine.  Proximally  the  enlarged 
spine  is  as  long  as,  or  a  trifle  longer  than,  the  furrow  spines,  but  dis- 
tally  is  increasingly  longer.  A  majority  of  the  plates  eyen  on  the 
outer  part  of  ray  (except  perhaps  the  last  12  or  15)  have  a  promi- 
nent pedicellaria  just  adorally  to  the  subambulacral  spine  and  behind 
the  furrow  series.  The  jaws  are  rather  slender,  slightly  spatulate, 
and  hollow  interiorly,  and  the  outer  one  when  open  folds  into  a 
shallow  transverse  depression  reaching  nearly  to  the  outer  margin  of 
plate;  the  other  jaw  stands  upright  behind  the  furrow  spines  and  is 
nearly  or  quite  as  long  as  they  are.  A  similar  but  trifle  smaller 
pedicellaria  is  found  on  a  few  of  the  proximal  plates  of  A.  UoTiotus. 
Outer  part  of  plate  with  7  or  8  unequal  subcorneal  granules. 

Mouth  plates  only  a  trifle  convex,  forming  a  salient  angle  which 
nearly  closes  the  actinostome.  Marginal  spines  8,  the  outer  slender 
and  tapering,  the  inner  8  or  4  becoming  gradually  thicker  and  more 
compressed.  Two  inner  subambulacral  spines  slender  and  tapering; 
then  in  the  same  series  parallel  to  furrow  is  a  prominent  two-jawed 
pedicellaria  (similar  to  the  subambulacral),  followed  by  1  or  2 
thicker  spines,  near  the  outer  furrow  comer  of  the  plate.  Six  or 
7  spaced,  unequal,  tubercular  granules  follow  the  sutural  margins  of 
the  plate. 
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Madreporic  body  surrounded  by  5  plates,  8  of  predominant  size, 
slightly  larger  than  in  A.  lUmotus,  and  with  more  numerous  radiat- 
ing branched  ridges.  Three  papular  pores  are  found  on  the  ad- 
central  margin,  and  the  surrounding  plates  bear  1  to  8  granules  ea^h. 

Type.— Cat  No.  80656,  U-S.N.M. 

Type-locality. — Station  6185,  11.9  miles  northeast  of  Jolo  Light, 
Jolp,  Sulu  Archipelago,  161  fathoms,  fine  coral  sand,  bottom  tempera- 
ture 54.7°  F.;  1  specimen. 

Distribiaion. — ^Known  only  from  the  type-locality. 

Remarks. — ^This  species  differs  from  A.  caJUmorphus  and  A.  lio- 
notus  in  having  prominent  granules  and  pedicellariae  on  the  abacti- 
nal  plates,  and  differs  further  from  the  latter  in  several  characters 
enumerated  in  the  diagnosis.  A.  fUheri  Koehler,  from  224  to  284 
fathoms  between  the  Maldives  arid  India,  differs  from  A.  ccMimor- 
phus^  A.  UoTWtvs^  and  A.  sphaeriostiotus  in  having  a  larger  disk 
and  shorter  rays,  only  7  or  8  superomarginals  being  in  contact  medi- 
ally. Moreover,  the  superomarginals  do  not  at  first  increase  in  si:&e 
and  then  gradually  decrease;  they  are  very  nearly  of  the  same  di- 
m^isions  up  to  the  eighth,  from  which  they  diminish  very  rapidly. 
There  are  several  differences  in  detail  (see  Koehler,  1909,  pi.  2,  figs. 
2  and  8).  It  is  quite  possible  that  flsAeri  will  prove  eventually  to 
be  the  type  of  a  good  subgeneric  group,  as  there  are  now  8  well- 
marked  species  with  the  marginal  plates  of  the  type  of  caUimorpkus. 

Genus  CALLIASTER  Gray. 
CaUioBter  Gray,  1840.  p.  280.    Type,  C.  chUdreni  Gray. 

CALLIASTER  CORYNETES  Flaher. 

Plate  86,  fig.  1;  plate  87,  fig.  1;  plate  03,  figs.  5,  5a. 

CaUiaster  corynetes  Fisher,  1913a,  p.  644. 

Diagnosis. — ^R=40  mm.,  r=15  mm.,  E=2.66  r;  breadth  of  ray  at 
base,  18  mm.  Disk  large,  rays  rather  slender  and  blunt,  the  inter- 
brachia  being  wide  and  rounded.  Marginals  very  massive,  wider  in 
outer  part  of  ray  than  the  abactinal  area,  very  tumid,  each  bearing  a 
very  robust,  rigid,  blunt  spine  (2  on  first  plate) ,  the  general  surface 
of  the  plates  being  smooth;  terminal  plate  large  with  5  heavy  spines; 
inferomarginals  with  2  stout  spines  and  a  few  pedicellariae;  abac- 
tinal plates  smooth,  bordered  by  a  single  series  of  flat,  flush  gran- 
ules, the  5  primary  radials  and  1  or  2  other  radials,  as  well  as  the 
central  plate  with  a  heavy  upright  blunt  spine,  the  remaining  median 
radial  plates  and  most  of  the  larger  plates  of  central  part  of  disk  with 
a  central  tubercular  granule;  numerous  very  broadly  spatulate,  folia- 
ceous  pedicellariae;  actinal  intermediate  plates  each  with  a  heavy 
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blunt  spine  (sometimes  2)  and  a  broadly  spatulate  entrenched  pedi- 
cellaria ;  adambulacral  plates  with  a  palmate  furrow  series  of  5  to  7 
unequal,  rather  slender,  more  or  less  compressed  spines,  and  distally 
1,  proximally  2,  heavy  snbambulacral  spines,  resembling  those  of  the 
actinal  intermediate  plates.  Differing  from  C.  chUdrerd  in  having 
much  heavier  marginal  and  actinal  spines  and.nmnerous  pedicel- 
lariae;  from  C.  pediceUaris  in  having  heavy  actinal  intermediate 
spines,  more  nmnerous  a^d  longer  furrow  spines,  and  prominent 
spines  in  the  center  of  disk;  from  C.  bacoatus  in  having  longer 
spines  generally,  numerous  pedicellariae,  more  numerous  furrow 
spines,  and  a  few  prominent  abactinal  spines,  instead  of  tubercles 
all  over  the  abactinal  area. 

Description. — Abactinal  plates  subcircular,  the  median  radial  the 
largest  and  convex,  the  others  slightly  convex,  and  all  surrounded  by 
a  peripheral  series  of  depressed  subtruncate,  f  oliaeous  granules  flush 
with  the  surface  and  overlying  the  rather  conspicuous  intervals  be- 
tween the  plates.  The  apical  area,  enclosed  by  the  primary  radials 
and  basals,  contains  smaller  plates  of  two  sizes  in  two  circles  sur- 
rounding the  larger  very  convex  central  plate,  which,  like  the  slightly 
larger,  but  similarly  convex  primary  radials,  bears  an  upright  rigid, 
robust,  blunt  tubercular  spine  3.5  to  5mm.  long,  and  at  the  base 
as  thick  as  about  half  the  width  of  plate.  The  following  one  or  two 
plat^,  or  the  second  following  plate,  bears  a  shorter  but  similar 
spine,  while  the  remainder,  with  the  exception  of  the  last  5  or  6, 
have  a  central  tubercular  granule,  decreasing  in  size  distad.  The 
radial  plates  inside  the  apical  area,  the  primary  basals,  and  a  few 
neighboring  plates  of  the  disk  also  have  a  central  tubercle.  A  nmn- 
ber  of  plates  on  the  disk  and  proximal  portion  of  rays — about  35 
in  all — ^bear  a  pedicularia  with  two  very  broadly  spatulate,  entire, 
jaws  which  fit  into  well-marked  depressions,  when  open.  On  some 
plates,  w4ien  open,  the  jaws  reach  nearly  across.  Papulae  large,  the 
area  including  all  the  disk  except  a  very  narrow  interradial  portion, 
extending  on  the  margin  only  to  middle  of  the  first  plate,  and  the 
last  six  or  seven  abactinal  plates.  There  are  six  around  each  plate. 
The  abactinal  area  of  the  ray  is  narrow.  From  the  third  supero- 
marginal  to  the  seventh  there  are  only  three  longitudinal  series  of 
plates  separating  the  marginals,  and  beyond  the  seventh  only  one, 
the  width  of  the  area  here  being  less  than  that  of  the  marginals. 

Superomarginal  plates,  13,  very  tumid,  and  decreasing  regularly 
in  size,  the  first  with  two  rigid  tubercular  spines  in  a  transverse 
series,  the  others  with  one  spine  on  the  murgins  of  the  ray.  The 
lateral  face  of  the  plate  is  about  as  wide  as  the  dorsal.  The  spine  is 
borne  on  the  summit  of  a  subtubercular  tumidity  and  in  h,eight  equals 
the  distance  between  its  base  and  the  inner  margin  of  plate.  It  is 
smooth,  blunt,  subcylindrical,  very  slightly  tapering  and  constricted 

Digftized  by  VjOOQIC 


818  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

slightly  where  it  joins  the  plate.  On  the  upper  surface  of  the  second 
or  third  to  sixth  or  seventh  plates  is  a  small  flat  granule  correspond- 
ing to  the  inner  or  dorsal  spine  of  the  first  plate.  One  superomar- 
ginal  has  a  lateral,  broadly  spatulate,  pedicellaria.  The  plates  are 
bordered  by  a  single  series  of  small  elongate  granules,  similar  to  those 
bordering  the  abactinal  plates,  but  longer.  Terminal  plate  lai^e 
and  subglobular  with  5  conspicuous  tuberculate  terminal  spines, 
arising  from  bosses  on  the  plate.  These  opines  are  longer  than  the 
distal  superomarginal  spines. 

Inferomarginals  less  timid  than  the  superomarginals,  with  two 
tubercular  spines  slightly  shorter  than  the  superomarginal  spines, 
in  a  transverse  series.  The  upper  or  outer  spine  is  proximaUy  a 
little  longer  than  the  lower,  but  beyond  the  mid(}le  of  ray  is  reduced 
to  a  small  tubercle  which  is  even  lacking  on  the  last  two  or  three 
plates.  The  inner  or  lower  spine  retains  its  length  to  near  the  end  of 
the  ray,  where  it  becomes  rapidly  shorter.  These  spines  are  either 
directed  outward  at  a  right  angle  to  the  body  or  bent  toward  the  tip 
of  ray.  A  small  but  variable  number  of  plates  bear  laterally  or 
ventrally  a  very  broadly  spatulate  pedicellaria,  and  all  are  bordered 
by  small  elongate  granules.  The  first  plate  usually,  and  the  second 
plate  exceptionally,  has  a  tubercle  or  a  granule,  or  two  to  four  on 
the  ventral  surface. 

Actinal  intermediate  plates  unequally  4-sided,  in  3  chevrons,  the 
plates  reaching  along  ray,  to  the  fourth  inferomarginal  and  bear- 
ing 1,  or  sometimes  2,  heavy  cylindrical  blunt  spines,  sometimes 
slightly  flattened  at  the  dp,  a  trifle  slenderer  than,  but  fully  as  long 
as,  the  longest  inferomarginal  spines.  The  plates  are  bordered  by 
small  granules  similar  to  those  of  the  marginal  plates,  but  a  little 
shorter.  The  free  edge  is  convex  or  subtruncate.  The  spines  are 
carried  on  a  slight  elevation  or  boss  of  the  plate  and  at  the  base  of 
the  spine  is  a  broadly  spatulate  pedicellaria,  similar  to  those  of  the 
marginal  and  abactinal  plates.  The  jaws  are  as  wide  as  long  dis- 
tally,  and  hoUowed  out,  while  proximally  they  narrow  abruptly. 

Adambulacral  plates  a  little  wider  than  long,  with  a  slightly  con- 
vex furrow  margin,  bearing  a  palmate  series  of  5  to  7  very  unequal, 
rather  slender,  blunt  spines,  sometimes  slightly  compressed,  with  the 
narrow  side  to  furrow,  or  again  with  the  broad  side  thereto.  The  2 
or  8  median  spines  are  the  longest,  while  the  2  laterals  on  either 
side  are  successively  shorter,  all  being  bound  together  at  the  base 
by  membrane.  The  lateralmost  spinelet  is  usually  very  short  In  a 
transverse  series  on  the  slightly  convex  actinal  surface  of  the  first 
18  to  18  plates  are  2  blunt  or  truncate  heavy  spines  like  those  of  the 
actinal  intermediate  plates ;  beyond  the  thirteenth  to  the  eighteenth 
plates  there  is  but  one  spine.  At  the  base  of  the  furrow  the  inner 
of  these  2  spines  is  slightly  the  larger  and  scoop-shaped  at  the  tip, 
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the  concavity  being  on  the  outer  side.  Soon  these  spines  become 
blunt  and  cylindrical,  though  often  a  little  flattened  at  the  tip,  and 
the  series  continues  to  the  end  of  the  ray,  the  spines  becoming  slen- 
derer on  the  outer  part  of  the  ray,  although  not  decreasing  in  length 
until  near  the  tip.  The  outer  spine  decreases  in  length,  and  beyond 
the  thirteenth  is  very  short,  disappearing  entirely  at  about  the  middle 
of  ray.  Along  the  proximal  and  distal  margins  of  the  plates  are  8 
or  4  more  or  less  pointed  granules,  and  on  the  outer  margin  1  or  2 
granules. 

Mouth  plates  rather  narrow  with  8  or  9  furrow  or  marginal  spines, 
very  short  on  the  outer  end  of  series  and  increasing  rapidly  in 
length  toward  the  inner  end,  the  2  series  of  the  combined  plates  be- 
ing webbed  at  the  base  and  forming  an  angular  group  or  comb  clos- 
mg  the  actinostome.  On  all  the  plates  but  one  there  is  a  single 
upright,  long,  compressed,  subambulacral  spine,  chisel-shaped  at  the 
tip.  One  plate  has  2  such  spines.  They  are  similar  to  the  subam- 
bulacral, but  slightly  heavier.  The  outer  and  sutural  margins  are 
surrounded  by  a  single  series  of  irregular  subcorneal  and  convex, 
sometimes  compressed,  granules. 

Madreporic  body  convex,  situated  halfway  between  center  and 
margin  of  abactinal  area,  surrounded  by  5  plates  only  the  3  larger  of 
which  actually  touch  the  madreporite.  Eidges  irregular,  branching, 
without  definite  direction. 

Type.— C^^t.  No,  80557,  U.S.N.M. 

Type-locality, — Station  5280,  between  Lubang  and  Luzon,  south  of 
Manila  Bay,  193  fathoms,  gray  sand;  bottom  temperature  49.6°  F.;  1 
specimen. 

Distribution. — ^Ejiown  only  from  the  type-locality. 

Remarks. — ^This  species  agrees  with  C.  pedicellaris  Fisher  of  the 
Hawaiian  Islands,  and  differs  from  C.  childreni  Gray  of  Japan,  and 
C.  haccdtua  Sladen  from  Cape  of  Good  Hope  in  having  numerous 
broadly  spatulate  pedicellariae.  Corynetes  is  probably  most  nearly 
related  to  pediceUaris^  from  which  it  differs  in  having  very  promi- 
nent spines  in  the  center  of  disk  (the  scars  of  C.  pedicellains  would 
indicate  rather  small  tubercles) ;  in  having  numerous  abactinal  and 
a  few  marginal  pedicellariae,  in  addition  to  the  actinal  intermediate 
pediceUariae ;  heavy  actinal  intermediate  spines;  5  to  7  Instead  of 
8  or  9  furrow  spines,  the  laterals  being  very  short  instead  of  sub- 
equal  to  the  mesial ;  pedicellariae  which  are  very  narrow  at  the  base, 
the  jaws  being  broad,  orbicular,  concave,  and  entire. 

CaUiaster  mamiUifer  Alcock^  differs  in  having  the  superomar- 
ginals  (6  in  number)  in  partial  contact  across  the  distal  third  of  the 
rays.  These  plates  "  have  the  form  of  great  globules,  each  surmounted 
centrally  with  a  nipplelike  spinelet,"  while  the  inf  eromarginal  plates 

^Alcock,  1893&,  p.  172,  pi.  8,  figs.  3  and  4;  Andaman  Sea,  270-245  fathoms. 
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are  long,  broad,  and  tumid,  and  each  bears  n^oxr  the  suture  line  with 
the  superomarginals,  a  row  or  a  group  of  large  coarse  truncated 
spinelets."  Further,  the  adambulacral  plates  have  only  4  furrow 
spines  and  a  single  ^^  large,  coarse,  truncated  "  subambulacral  spine. 
No  pedicellariae  are  mentioned. 

Genns  ASTROTHAUMA  Fisher. 

Aatrothauma  Fishek,  1918a,  p.  045.    Type,  A.,euphyUicteum  Fisher. 

Diagnosis. — ^Differing  from  Cidliaster  Gray  in  having  the  last 
superomarginal  plate  much  enlarged  and  in  having  the  marginal  and 
actinal  spines  with  a  roughened  or  thorny  surface;  plates  smooth, 
bordered  by  a  single  series  of  granules,  and  with  small  2-iawed 
upright  pedicellariae;  marginal  and  actinal  plates  with  heavy, 
thorny,  or  roughened  spines;  prominent  upright  smooth  or  slightlj 
eroded  spines  on  center  of  disk  and  basal  portion  of  ray;  furrow 
spines  numerous,  small,  in  a  close  comb ;  subambulacral  spines  2  or  3^ 
large,  rough,  tapering,  and  sharp. 


ASTHOTHAUMA  EUPHYLACTEUM  : 

Plate  86,  fig.  2 ;  plate  87,  fig.  2 ;  plate  d3,  figs.  7,  7a-c. 
Astrothauma  euphylacteum  Fishkb,  1013a,  p.  645. 

Diagnosis. — Rays  5.  R=86  mm.,  r=24  mm.,  R=3.5+r ;  breadth  of 
ray  at  base,  27  mm. ;  thickness  of  disk  at  interradius,  8.5  mm.  Disk 
fairly  large;  rays  gradually  tapering,  rigid,  blunt;  abactinal  plates 
smooth,  bordered  by  a  single  series  of  granules;  center  of  disk  and 
proximal  third  of  radial  series  with  prominent,  stout,  sharp,  upright 
spines  and  a  few  scattered  small  2- jawed  pedicellariae;  superomargi- 
nals with  the  distalmost  plate  much  enlarged  and  each  with  2  or  3, 
abnormally  as  many  as  5,  prominent,  sharp  spines;  inferomarginals 
with  proximally  6  to  8  unequal,  tapering,  sharp,  roughene^i,  or 
thorny  spines,  becoming  reduced  to  4  at  middle  of  series,  then  8, 
and  finally  to  1  or  2  at  end ;  actinal  intermediate  plates  usually  with 
a  sharp  thorny  spine,  at  the  base  of  which  is  a  small  blunt  spatulate 
pedicellaria  with  2  swollen  jaws;  adambulacral  plates  with  12  to  17 
small  conjpressed  furrow  spines  in  a  close  comb,  and  2  or  8  sharp, 
heavy,  roughened,  subambulacral  spines  in  an  oblique  series. 

Description. — ^Abactinal  plates  roundish,  broadly  elliptical,  or  sub- 
hexagonal,  those  without  spines  smooth,  slightly  convex,  and  bor- 
dered by  small  flattish  granules  with  a  convex  or  subtruncate  margin, 
the  base  being  obscured  by  a  very  thin  membrane.  The  central  plate, 
the  primary  i^adials  and  basals  (except  one)  and  upward  of  8  other 
median  radial  plates  bear,  on  a  convexity,  an  upright,  tapering,  sharp, 
heavy  spine,  the  longest  (on  the  primary  radials  and  central  plate) 
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about  7  mm.  in  length,  and  the  surface  slightly  uneven  or  rugose, 
but  without  thorns  or  asperities.  The  radial  series  extends  nearly 
one-half  R,  but  the  spines  do  not  occur  on  all  the  plates,  1  to  8.  un- 
armed plates  being  between  the  armed  plates  after  the  first  2  to  4 
spines  which  are  On  connective  plates.  There  is  a  good  deal  of  ir- 
regularity in  arrangement.  A  few  scattered  plates,  especially  on  the 
radial  series,  bear  a  small  pedicellaria  a  little  larger  than  a  granule, 
with  2  oblong,  round-tipped  slightly  swollen  jaws,  a  little  higher 
than  wide.  The  plates  with  their  granules  are  slightly  spaced  .and 
are  of  a  chocolate  brown,  sharply  in  relief  against  the  dark  reddish 
brown  integument  beneath.  The  plates  are  arranged  in  very  regular 
series  parallel  to  the  median  radial,  which  reaches  as  far  as  the  en- 
larged distal  superomarginals.  The  3  prior  superomarginals  are  sep- 
arated by  the  median  radial  plates  only. 

The  abactinal  plates,  from  the  inner  side,  are  strongly  lobed  or 
stellate,  the  median  radial  or  carinal  plates  being  the  largest,  with 
6  to  8  subacute  lobes,  the  2  or  8  on  either  side  being  longer  than  the 
distal  and  proximal.  The  other  plates  are  smaller,  more  or  less 
convex,  and  with  6  lobes.  The  plates  touch  by  the  ends  of  the  lobes. 
The  papulae  are  distributed  all  over  the  disk  and  rays,  and  each  plate 
is  surrounded  by  6  to  10  papulae,  the  latter  number  occurring  around 
the  proximal  radial  plates  and  the  larger  plates  of  disk. 

Superomarginal  plates  15  or  16,  massive  and  tumid,  the  proximals 
confined  to  side  wall  of  the  ray,  the  others  gradually  encroaching 
more  and  more  upon  the  abactinal  surface,  until  beyond  the  middle, 
the  dorsal  surface  is  slightly  wider  than -the  lateral.  Proximally 
the  extreme  width  of  plate  exceeds  the  length;  then  the  2  dimensions 
become  equal;  then  the  length  slightly  exceeds.  The  last  2  or  8, 
with  the  exception  of  the  distalmost,  are  a  trifle  wider  than  long. 
The  distal  plate  is  enlarged  and  is  as  long  or  longer  than  the  2 
preceding  plates  combined.  On  one  ray  a  much  enlarged  distal 
has  opposite  it  3  ordinary  superomarginals,  and  on  another  ray  2, 
while  2  other  rays  have  unequal  enlarged  distals.  These  enlarged 
plates  are  very  characteristic  of  this  form.  Near  the  upper  end  of 
each  superomarginal  is  a  long,  conical,  rigid,  usually  sharp,  out- 
i^nding  spine,  about  as  long  as  the  width  of  its  plate,  the  series 
extending  to  the  end  of  ray.  In  a  transverse  line  with  this,  on  the 
lateral  wall  of  ray,  is  a  shorter,  horizontal,  sharp  spine,  or  1  ^pine 
and  1  or  2  smaller  companions  irregularly  placed.  Two  plates  have 
i  spines  on  the  lower  part  of  the  plate,  while  2  others  have  8  sub- 
equal  spines  in  a  transverse  series,  including  the  uppermost.  The 
enlarged  distal  plate  has  2  to  4  spines  in  a  single  longitudinal  series. 
All  these  spines  are  prominent,  but  they  vary  in  length.  In  general 
tiiey  become  shorter  distally.  Many  of  the  plates  bear  a  small  pedicel- 
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laria  similar  to  the  abactinal,  near  the  base  of  one  of  the  lower  spines, 
and  sometimes  1  or  2  little  granules;  otherwise  the  surface  of  plate 
is  smooth,  the  margin  being  provided  with  a  series  of  granules 
similar  to  those  of  the  abactinal  plates.  Terminal  plate  large,  ta- 
bercular,  subglobose,  acute  proximally,  showing  scars  of  4  to  ft 
terminal  tubercles. 

Inferomarginals  forming  a  rounded  margin  to  ray,  individually 
tumid  and  decreasing  regularly  in  size  up  to  the  last,  the  distal 
not  .being  enlarged.  Four  or  5  distal  plates  correspond  to  the  en- 
larged superomarginal.  The  first  5  or  6  plates  are  wider  than  long, 
while  the  others,  except  the  last  8  or  4,  are  longer  than  wide.  The 
proximal  plates  bear  a  central  group  of  6  to  8  spines,  becoming  re- 
duced to  4  at  the  middle  of  ray,  then  3,  and  finally  2  or  1  on  the  last 
few  plates.  The  spines  are  prominent,  unequal,  tapering,  and  sharp, 
the  longest  being  8.5  to  4  mm.  long.  A  peculiarity  which  they  share 
with  the  actinal  intermediate  and  subambulacral  spines,  is  in  being 
roughened  by  longitudinal  rather  irregular  series  of  thorny  ridges 
or  protuberances,  and  the  perfect  spines  end  in  several  very  short 
thorns  or  points.  The  protuberances  on  the  sides  of  the  spines  vary 
considerably  in  form,  being  sometimes  carinate,  interrupted,  ridges, 
and  again  formed  like  blunt  rose  thorns.  The  distalmost  spines  are 
nearly  or  quite  smooth.  Most  of  the  plates  bear  1  or  2  pedicellariaey 
similar  to  those  of  the  superomarginals,  and  are  bordered  by  a  single 
series  of  small  oblong  semi-immersed  granules  similar  to  those  of 
the  superomarginals. 

Actinal  intermediate  plates  in  8  chevrons,  with  an  odd  plate  inter- 
radially  adjacent  to  margin.  The  plates  adjacent  to  adambulacrals 
are  6-sided  or  sometimes  distally  4-sided  and  reach  as  far  as  tha 
middle  of  the  fourth  inferomarginal.  Nearly  aU  the  plates  bear  a 
central,  tapering,  sharp,  thorny  spine  about  as  long  as  the  infero- 
marginal spines,  and  at  its  ba^  a  small,  blunt,  spatulate  pedicellaria 
with  2  swollen  jaws,  usually  constricted  at  the  middle,  1.5  to  2  times, 
as  high  as  wide.  The  plates  are  bordered  by  slightly  convex,  or 
flattish  granules  immersed  in  membrane. 

Adambulacral  plates  slightly  convex,  wider  than  long  proximally, 
becoming  as  wide  as  long  in  middle  of  ray,  and  again  wider  than 
long  at  the  tip.  Furrow  margin  slightly  convex,  bearing  a  close 
comb  of  proximally  12  or  13  spinelets,  increasing  gradually  to  16  or 
17  at  the  middle  of  ray.  The  small  plates  near  the  tip  have  a  de- 
creasing number,  the  last  10  plates  diminishing  from  10  or  11  to  4 
or  5  spinelets.  The  spinelets  are  slender,  compressed,  blimt,  close 
together,  webbed  for  nearly  half  their  length,  and  form  a  straight 
or  slightly  convex-edged  comb,  abruptly  rounded  at  the  comers, 
where  2  or  8  lateral  spinelets,  sometimes  with  the  flat  side  to  furrow,, 
become  very  rapidly  shorter,  so  that  the  first  and  last  spinelet  is 
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quite  short.  On  the  actinal  surface  in  an  oblique  transverse  series 
are  usually  2,  sometimes  3,  large,  tapering,  pointed  thorny  or  rough- 
ened spines,  the  longest  4.5  mm,  and  longer  than  the  actinal  inter- 
mediate spines.  When  there  are  2,  the  spines  are  nearly  equal  and 
about  as  long  as  2  plates.  When  there  are  3, 1  is  shorter,  and  instead 
of  forming  a  straight  series  they  stand  often  in  a  group.  One  plate 
has  4  spines.  Most  of  the  plates  of  the  proximal  two-thirds  of  ray 
bear  an  upright,  entrenched  pedicellaria  with  2  or  8  subspatulate, 
often  unequal,  spiniform  jaws,  rather  larger  than  the  actinal  inter- 
mediate pedicellariae,  and  situated  usually  just  adorad  of  the  inner 
subambulacral  spine.  The  plate  is  bordered  by  convex  granuleis 
covered  by  a  thin  membrane.  The  inner  granule  of  the  distal  mar- 
gm  is  often  conical  and  spiniform. 

Mouth  plates  triangular,  the  margin  adjacent  to  first  adambulacral 
slightly  concave  and  about  as  long  as  that  bordering  the  furrow. 
Marginal  spines  15,  all  but  the  2  innermost  similar  to  the  furrow 
spinelets.  The  innermost  spine  is  abruptly  enlarged,  heavy,  sub- 
prismatic,  bluntly  pointed;  sometimes  the  second  spine  is  slightly 
enlarged.  In  the  middle  of  the  actinal  surface  is  a  tapering,  sharp, 
smooth,  or  slightly  roughened  suboral  spine,  or  2  such  spines  (5  plates 
having  1  and  5  plates,  2).  A  rather  irregular  series  of  convex  gran- 
ules, larger  than  those  bordering  the  adambulacrals,  follows  the 
outer  and  mesial  margins  of  plate. 

Madreporic  body  rather  large,  situated  one-third  r  from  center 
and  traversed  by  radiating  branched  ridges  separated  by  fine  striae. 

The  upper  end  of  each  ambulacral  ossicle  is  covered  with  small 
spiny  projections  and  the  free  edge  of  the  plate,  between  consecutive 
pairs  of  ampullae,  is  thin,  serrulate,  and  bladelike,  the  serrations 
being  a  continuation  of  the  spiny  projections  of  the  upper  end  of  the 
plate. 

Tube- feet  with  a  well-developed  sucking  disk. 

Color  in  alcohol,  chocolate  brown,  lighter  beneath,  the  integument 
between  the  abactinal  plates  being  reddish  brown. 

Type.— Ce^t.  No.  30558,  U.S.N.M. 

Type-locality. — Station  5412,  between  Cebu  and  Bohol,  162  fath- 
oms, green  mud,  bottom  temperature  64.8°  F. ;  1  specimen. 

Distrihution. — ^Kiiown  only  from  the  type-locality. 

Remarks. — ^This  genus  is  virtually  CaUiaster  with  swollen  or  en- 
larged terminal  superomarginal  plates  and  thorny  or  roughened 
spines.  The  last  character  suggests  MUteliphaater  Alcock,  which 
has  the  actinal  spines  ending  in  swollen  bifid  or  multifid  points.  The 
structure  of  the  actinal  spines  is  apparently  the  only  character  which 
sq)arates  MtUeliphaster  from  CaUiaster.  In-  Aatrothavma  the 
roughened  spines  resemble  those  of  certain  cidaroids.  The  fact  that 
the  swollen  terminal  superomarginal  may  be  replaced  by  2  or  8 
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smaller  plates,  abnormally,  does  not  invalidate  it,  in  my  opinion,  as 
a  generic  character.  A  similar  variation  may  occur  in  Pentaganaster 
Gray.  The  growth  of  the  marginal  plates  must  be  different  from  that 
of  CaUiasteT  and  MiUeliphaater^  where  the  superomarginals  decrease 
in  size  regularly  and  gradually  at  the  end  of  the  series. 

Geniu  GONIODISCASTER  Clark. 

Qoniodiioaster  H.  L.  Oiakk,  1000,  p.  110.    Type,  Qiyniodi9CM  pleyadeUa 
(Lamarck). 

GONIODISCASTER  FORFICULATUS  (Perrler). 

Plate  80,  figs.  2,  8. 

Ooniodiscus  forflculatus  Pebbdeb,  1875,  p.  284. — ^Koehleb,  1810a,  p.  61,  pL  7, 
figs.  1,  2,  and  3 ;  pi.  11,  fig.  1 ;  pi.  14,  fig.  2. 

Notes  on  Philippine  specimens. — ^Koehler  has  very  fully  described 
and  illustrated  the  specimens  from  India,  and  has  noted  wherein 
these  depart  froin  the  types,  of  which  he  had  photographs.  He 
states  that  figures  2  and  3,  plate  7,^  agree  very  closely  with  Perrier's 
type.  The  two  Philippine  specimens  also  show  close  resemblance 
to  these  figures. 

Koehler  writes  that  his  specimens  varied  somewhat,  and  I  have 
been  able  to  compare  the  example  from  station  6159  with  the  Indian 
specimen  from  station  78,  coast  of  Ganjam  (Bay  of  Bengal,  south 
of  Puri),  the  latter  example  being  now  No.  2094,  Museum  of  Com- 
paratize  Zoology.  This  example  shows  a  number  of  differences  to 
the  Philippine  specimens,  which  will  be  noted  below. 

Specimen  from  station  5159.  R=37  mm.,  r=15  mm.,  R=2.4  r. 
The  general  features  are  sufficiently  shown  by  the  figures.  The  mid- 
radial  line  of  plates  is  clearly  distinguishable,  almost  conspicuous, 
as  are  also  the  double  series  of  3  plates  (6  in  all)  extending  from 
the  "  primary  basal "  to  the  superomarginals.  The  median  plate  of 
each  of  these  series  is  the  largest,  and  the  double  series  is  common 
to  a  number  of  species  of  this  genus.  The  midradial  series  of  plates 
sometimes  reaches  the  terminal  plates,  sometimes  is  prevented  by  the 
last  pair  of  superomarginals  meeting  on  the  radial  line.  A  single 
series  of  adradials  usually  extends  as  far  as  the  third  superomarginal 
from  the  end.  A  second  parallel  series,  however,  does  not  extend 
beyond  the  third  superomarginal.  The  small  globular  and  thimble- 
shaped  granules  are  distinctly  spaced,  at  least  half  the  width  of  tiie 
granule,  sometimes  more,  those  on  the  midradial  plates  being  smallest 
The  granules  increase  in  breadth  and  length  rather  abruptly  on  the 
adradial  plates,  although  the  difference  is  not  great.  The  marginal 
granules  are  lower  and  broader  than  the  adradial  and  roundish  or  po- 
lygonal in  outline.    There  are  two  kinds  of  abactinal  pedicellariae — 


1 


^  Koehler,  1910a,  p.  61. 
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low  bivalved,  similar  to  those  of  Oreaster^  lower  than  the  granules 
and  2  to  2.6  times  as  long  as  broad.  These  occur  also  on  the  supero- 
marginal  and  actinal  plates.  The  second  sort  are  tong-shaped  with 
spatulate  jaws,  2  or  8  times  as  long  as  the  granules,  and  occur  on  the 
adradial  plates  and  second,  adjacent,  series.  The  papulae  are  well 
shown  in  Koehler's  figure  2,  on  plate  7.  They  extend  nearly  to  the 
end  of  the  ray  and  to  center  of  disk,  but  are  segregated  more  or  less 
into  10  areas  by  the  conspicuous  double  interradial  series  and  the 
radial  series  of  plates.  All  these  10  merge,  however,  with  the  circular 
area  in  center  of  disk  (inside  the  circle  of  primary  radial  plates). 
The  granules  guarding  the  pores  are  slightly  larger  than  those  of 
the  surface  of  the  plate,  but  are  not  at  all  squamiform.  The  anal 
aperture  is  guarded  by  about  10  granules  much  larger  than  the 
others. 

Superomarginals,  12,  tumid,  the  last  8  or  4  with  a  group  of 
enlarged  granules  in  the  center.  Terminal  plate  elongate,  with  a 
conspicuous  blunt  conical  spine  at  the  tip.  The  last  4  or  6  inf  eromar- 
ginals,  as  noted  by  Perrier,  have  a  conspicuously  enlarged  granule 
in  the  form  of  a  robust  blunt  tubercle  near  the  aboral  border  of  plate 
on  the  rounded  ventrolateral  angle. 

The  actinal  intermediate  plates  are  clearly  outlined  and  arranged 
in  3  chevrons,  with  2  plates  starting  a  fourth  adjacent  to  the  prox- 
imal inf  eromarginals.  On  the  interradial  line  are  3  unpaired  plates, 
the  middle  much  the  biggest  Granules,  hemisphericsd  to  thimble- 
shaped,  spaced  one-half  to  three-fourths  their  own  diameter  apart. 

The  adambulacral  armature  conforms  to  Perrier's  description,  and 
is  best  shown  by  the  figure.  There  are  6  furrow  spines,  webbed  for 
half  their  leng^,  usually  8  subambulacral  spines,  the  median  much 
enlarged,  flattened,  and  subspatulate,  and  a  row  of  4  granules  on 
the  outer  magin.  At  the  adoral  end  of  the  subambulacral  series,  or 
between  it  and  the  outer  series  of  granules,  is  a  forceps  or  tongs 
shaped  pedicellaria. 

Mouth  plates  with  9  marginal  and  5  to  7  shorter  subambulacral 
spines,  back  of  which  are  about  7  granules,  all  these  8  series  parallel. 
In  the  angle  between  the  second  row  of  granules  of  the  combined 
plates  are  upward  of  20  granules. 

The  specimen  from  Ganjam,  India,  referred  to  above,  differs  in 
having  8  or  9  furrow  spines,  while  the  first  series  of  subambulacral 
spines  are  4  or  5,  graduated  in  length  toward  the  mesial,  which  is  not 
conspicuously  larger  than  the  others.  In  addition  to  8  or  4  com- 
pressed granules  on  the  outer  edge  of  the  plate  there  is  a  second  sub- 
ambulacral series  of  about  4,  somewhat  flattened,  truncate  spines, 
shorter  than  the  inner  series.  The  abactinal  granulation  is  coarser, 
and  there  are  no  actinal  intermediate  and  abactinal  slitlike  pedicel- 
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lariae,  nor  are  the  granules  enlarged  about  the  papular  pores.  The 
distal  inf  eromarginal  plates  are  without  tubercles,  while  the  primary 
radial  plates  each  have  a  tubercle.  The  granulation  of  the  actinal 
surface  is  finer  than  in  typical  forficulatua;  for  instance,  the  large 
unpaired  actinal  plate  just  back  of  the  mouth  plates  has  about  30 
granules  in  foriimlatua  and  55  or  a  few  more  in  the  Indian  specimen, 
in  which,  moreover,  the  outlines  of  the  actinal  plates  are  very  indis- 
tinct, while  in  the  Philippine  specimens  they  are  very  distinct.  This 
specimen  seems  to  belong  to  a  distinct  variety  if  the  Philippine  ex- 
amples are  to  be  regarded  as  typical. 

Type. — ^In  the  British  Museum. 

Type-loGoMty. — Migupou  (probably  a  Philippine  locality). 

Distribution. — ^Philippine  Islands  to  Gulf  of  Martaban,  Burma, 
and  south  along  the  east  coast  of  India  to  Ceylon.  • 

Specimens  examined. — One  from  each  of  the  following  localities: 
Station  5159,  oflf  Tinakta  Island,  Tawi  Tawi  Group,  18  fathoms,  fine 
sand  and  shells.  Station  5482,  Surigao  Strait,  east  of  Leyte,  67 
fathoms,  sand,  shells,  gravel. 

Subfamily  Anthenoidinae,  new  name. 

Leptogonasterinae  Pebbieb  {Leptogonaster  Is  a  synonym  of  Anthenoides), 
Genus  STELLASTER  Gray. 

Stellaster  Gray,  1840,  p.  278.    Type,  Stellaster  chUdrefii  Gray. 

STELLASTEB  INCEI  Gray- 
Plate  79,  figs.  1-3 ;  plate  80,  fig.  1. 

SteUaster  incei  Gray,  Proc  Zool.  See.  London,  1847«  p.  76 ;  1866,  p.  7,  pi.  5, 
fig.  1.— Sladen,  1889,  p.  322.— D5DSBLEIN,  1896,  p.  807.— Koehlbr, 
1910a,  p.  80. — Bbown,  1910,  p.  31.— Simpson  and  Bbown,  1910,  p.  50. 

Stellastei'  helcheri  Gray,  Proc.  Zool.  Soc.  London,  1847,  p.  76;  1866,  p.  7, 
pi.  7,  fig.  1.— Sladen,  1879,  p.  430  (Korean  Straits). 

Stellaster  gracilis  M5bius,  Neue  Seesterne  des  Hamburger  and  Kieler 
Museums,  p.  12,  pi.  4,  figs.  3  and  4  (Abhandl.  a.  d.  Geblete  Naturw. 
hrsg.  V.  d.  naturwiss.  Vereln,  Hamburg,  vol.  4,  Abth.  2,  1860). 

Notes  on  Philippine  specimens. — Sladen  considers  Stellaster  incei 
and  helcheri  growth  stages  of  the  same  species.  The  specimens  col- 
lected by  the  Albatross  are  mostly  small,  and  as  in  the'case  of  Doder- 
lein's  specimens  from  Thursday  Island  are  referable  to  "  belcherL^ 

Among  the  26  examples  from  station  5358,  2  have  less  than  4 
tubercles,  18  have  5  tubercles,  not  always  symmetrically  arranged, 
10  have  10  tubercles,  and  1  has  scars  of  17,  all  on  the  radii.  The 
largest  of  these  specimens  has  R=40  mm.,  the  smallest  R=13  mm. 
The  granules  are  fine,  bead  like  and  spaced,  and  the  membrane  very 
thin.    The  furrow  comb  consists  of  7  or  8  rather  slender  spines,  the 
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median  more  compressed  than  the  laterals,  and  all  webbed  for  half 
their  length.  The  subambulacral  spines  are  2  to  4,  flattened,  round- 
tipped  and  unequal,  and  arranged  in  a  longitudinal  series.  Just 
back  of  the  adoral  furrow  spine  is  often  a  prominent  pincer-shaped 
slightly  tapering  pedicellaria.  In  very  small  specimens  the  subam- 
bulacral spines  are  represented  by  a  row  of  granules. 

Three  specimens  from  station  5483  differ  in  lacUng  abactinal 
tubercles  altogether  (although  larger)  and  in  having  a  large  flattened 
truncate  subambulacral  spine.  The  largest  specimen  has  B  54  mm. 
The  rays  are  broader  than  in  the  examples  from  station  5358.  Ven- 
trally  this  specimen  resembles  Stellaater  eguestrisy  but  the  marginal 
plates  are  decidedly  narrower  than  in  a  specimen  of  equeatris  from 
Usuki,  Japan,  and  the  granulation  is  finer,  and  quite  evidently  spaced 
especially  on  the  dorsal  surface.  A  specimen  from  station  5432 
agrees  in  having  the  large  subambulacral  spine,  and  there  are  5 
small  dorsal  tubercles  in  addition. 

A  portion  of  the  abactinal  wall  of  a  specimen  from  station  5483 
was  examined.  This  specimen  was  sexually  mature  although  of 
only  medium  size  (B=46  mm.).  The  abactinal  plates  are  large,  5 
to  7  in  each  interradius  being  the  largest,  and  on  the  margin  bordering 
the  papular  areas,  scalloped.  The  carinal  plates  have  2  short  lobes 
on  either  side,  and  the  adradial  plates  on  the  rays  have  2  lobes  also 
on  either  side,  which,  as  seen  from  below,  overlie  the  edges  of  the 
carinal  and  the  other  adjacent  longitudinal  series.  In  the  central 
area  of  the  disk  the  plates  have  5  or  6  more  prominent  lobes.  There 
are  3  or  4  papulae  to  each  pore  between  the^  lobes  of  the  plates. 

The  gonads  form  a  single  large  cluster,  one  on  each  side  of  the 
membranous  interbrachial  septum,  10  in  all. 

Type-locality, — ^  North  Australia,"  Gray. 

Distribution. — East  to  the  Mozambique  coast  (Simpson  and 
Brown),  India  and  Ceylon,  Mergui  Archipelago,  Sumatra,  and  Singa- 
pore, Philippines,  to  Korea  (t  Sladen),  south  to  New  Guinea,  Ara- 
fura  Sea,  Torres  Strait,  North,  Northeast  and  South  Australia. 
Bathymetrical  range,  3  to  74  fathoms,  usually  under  50  fathoms. 

Specimens  exarmned. — Fifty-five  from  the  following  stations: 

Specimens  of  SteUastisr  incei  examined. 


Sta. 
tion. 

LooaUty. 

Depth. 

Nature  of  bottom. 

Num- 
ber. 

SIM 
6157 

Tftwi  Tswl  Group,  Suhi  Archipelago 

do 

do 

do 

North  Balabac  Strait,  southweBtem  end  Palawan  Island. 

Off  flan<]Akan  Harbor.  Borneo 

FiUlumt 
18 
18 
18 
10 
68 
30 
61 
74 

Fine  shells,  sand.. 
Fine  sand 

3 
14 

6158 

do 

1 

£161 

do 

0 

6867 
6358 

Coral,  sand 

Mud. 

1 
26 

6432 

Off  Corandagos  Islan<f.  eastern  PiUawan *. 

Sand 

Sandpbrolren  shells 

1 

6433 

8iirigas8todt,eastolLeyte 

3 
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RenfutrJca. — ^The  specimens  recorded  from  stations  5482  and  548S 
may  be  a  variety  of  ;S^.  equestria.  I  have  compared  them  with  a  fairly 
large  specimen  from  Usuki,  Japan,  which  may  naturally  be  regarded 
as  typical,  as  it  agrees  in  the  main  with  Muller  and  Troschel's  figare 
(1842,  pL  4,  fig.  8).  The  differences  have  already  been  mentioned. 
Just  how  constant  the  width  of  the  marginal  plates  and  the  size  of 
the  granules  are  in  equestris  I  am  unable  to  state.  But  in  all  the 
Philippine  and  Borneo  specimens  the  narrower  superomarginals, 
especially  interradially,  and  the  smaller  spaced  granules  are  constant 
The  relationship  between  incei  and  equestris  is  by  no  means  clear,  and 
some  characters  other  than  the  dorsal  tubercles  must  be  used  to  dis- 
criminate specimens  from  the  territory  on  the  edges  of  their  respec- 
tive ranges,  if  not  elsewhere. 

Genus  ANTHENOIDES  Perrier. 

Anthenoides  Pebrieb,  1881,  p.  23.    Type,  A.  peircei  Perrier ;  also  1884,  p.  24IL 
Leptogonaster  Sladen,  1889,  p.  326. — ^Fisheb,  Idlld,  pp.  169,  173. 
Antheniaster  Verbill,  1899,  p.   178.— Fisher,   1906,  p.   1067;   1911d,  pp. 
169,  173. 

A  comparison  of  Anthenoides  peircei  with  Leptogonaster  oristatus 
reveals  no  differential  characters  of  generic  importance.  Anth^ 
noides  sarissa^  the  type  of  AntherdcLster^  is  very  closely  related  to 
Leptogonaster  cristatus.  It  is  certainly  not  in  a  separate  genus.  All 
three  species  have  the  body  overlaid  by  a  skin  of  variable  thickness, 
which  obscures  either  rudimentary  or  fairly  well  developed  granules, 
and  the  pedicellariae  vary  from  a  low  slitlike  bivalved  type  to 
slender  forcipiform.  In  A.  cristatus  the  pedicellariae  are  extremely 
variable.  All  three  species  have  numerous  secondary  abactinal 
plates,  which  increase  in  number  with  age.  These  plates  are  there- 
fore not  characteristic  of  Antheniaster  alone,  as  Yerrill  believed. 
There  is  even  greater  similarity  in  their  particular  form  between 
those  of  A.  peircei  and  A.  cristahts.  A.  peircei,  A.  cristatus,  and 
A.  sarissa  have  similar  inferomarginal  spinules,  while  in  A.  epixamr 
thus,  A.  granulosus,  A.  lithosorus,  and  A.  rugulosus  special  spinules 
are  always  absent,  the  plates  being  granulous.  Finally,  all  except 
A.  sarissa,  which  has  not  been  examined,  have  the  gonads,  not  single, 
but  fairly  numerous  in  a  series,  on  each  side  of  and  parallel  to  the 
membranous  interbrachial  septa. 

KEY  TO  THE  KNOWN  SPBCXBS  Or  ANTHENOIDES. 

<^.  Actlnal  Intermediate  areas  with  large  slit-Uke  bivalved  pedicellariae  nearly 
flush  with  the  general  surface ;  abactinal  membrane  thick  and  tough. 
peircei  Perrier. 

a*.  Pedicellariae  varying  from  focclplform  to  bivalved,  but  when  bivalved  al- 
ways small  and  not  sunken  flush  with  surface. 
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ft*.  Inf  eromargliials  with  small  lateral  spines,  at  least  In  the  interbrachial  arc 
c*.  Proxlmally  2  or  8  subambnlacral  spines,  or  prominent  pedicellariae ; 

abactlnal  pedicellariae -. cristatus  Sladen,  p.  329. 

€^.  Proxlmally  1  prominent  subambnlacral  spine ;  no  abactlnal  pedicellariae. 

iarisBa  Alcock. 

ft*.  Inferomarglnals  without  lateral  spines. 

c^.  Pedicellariae  only  on  the  adambulacral  plates;  abactlnal  granules  few 

and  microscopic,  visible  only  when  abactlnal  membrane  Is  dried ;  the 

abactlnal  area  has  superficially  the  appearance  of  being  without 

granules -^ epiwanthuM  Fisher* 

€^.  Pedicellariae  on  the  abactlnal  and  actinal  Intermediate  areas,  as  well  as 
on  the  adambulacral  plates;  abactlnal  granules  numerous,  at  least  in 
center  of  disk,  and  easily  seen  wthout  a  magnifier. 
<f .  Superomarglnals  decreasing  regularly  and  gradually  in  length  from 
the  first;  granules  distributed  uniformly  all  over  abactlnal  area. 
^.  R=2  r ;  central  granules  of  each  abactlnal  plate  the  largest ;  prox- 
imal superomarglnal  plates  coarsely  granulated  all  over;  supero- 
marglnals all  wider  than  long ffranulo8U8  Fisher,  p.  883. 

e*.  R=2.6  r ;  granules  smaller,  uniform ;  superomarglnals  finely  granu- 
lated, only  a  few  proxlmals  with  coarse  central  granules ;  supero- 
marglnals at  middle  of  ray  longer  than  wide. 

rugulosus  Fisher,  p.  838. 
d*.  Superomarglnals  maintaining  their  width  to  near  end  of  ray;  gran- 
ules numerous  in  center  of  disk,  becoming  much  smaller  and  more 
widely  spaced  as  periphery  is  approached;  superomarglnals  of 
proximal  half  of  ray  with  coarse  central  granules. 

Utho$oru$  Fisher,  p.  836. 

ANTHENOIDES  CRISTATCIS  (SHaden). 

Plate  78,  figs.  1,  2 ;  plate  88,  fig.  l^plate  89,  fig.  1. 
Leptoffonaster  crUtatuB  Sladen,  1889,  p.  827,  pL  54,  figs.  1-7. 

Notes  on  Philippine  specimens. — ^The  large  series  of  specimens 
dredged  by  the  Albatros  represents  all  stages  from  the  yomig  to  the 
adult,  while  the  latter  exhibit  considerable  range  of  variation,  par- 
ticularly in  the  number  and  form  of  the  pedicellariae. 

The  diange  in  proportions  due  to  increasing  age  is  shown  by  the 
following  table,  the  measurements  being  in  millimeters: 


Num- 

ber of 

R. 

r. 

R-r. 

supe- 
romar- 

14 

6 

3.3 

•  9 

20 

8 

2.5 

10 

30 

12 

2.5 

12 

50 

IS.  5 

2.7 

20 

77 

26 

3+ 

26 

116 

39 

3 

80 

The  last  two  specimens  are  larger  than  Sladen's  type. 
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The  chief  differences  between  the  young  and  medium  sized  speci- 
mens (as  No.  4)  are  to  be  found  in  the  extremely  thin  membrane 
and  few  or  no  granules  of  the  former.  A  very  young  cristatus  does 
not  appear  to  belong  to  the  same  genus  as  the  adult  In  specimen 
No.  1,  for  example,  the  outlines  of  the  abactinal  plates  are  clearly 
visible  and  the  thin  membrane  might  be  described  as  deciduous. 
The  marginal  and  actinal  intermediate  plates  are  also  covered  with 
very  thin  deciduous  membrane.  There  are  no  abactinal,  marginal, 
or  actinal  intermediate  granules,  or  pedicellariae.  Four  webbed 
furrow  spinelets  are  present,  and  the  first  2  or  3  adambulacral  plates 
have  the  rudiment  of  a  subambulacral  granule.  The  mouth  plates 
are  prominent  actinally  and  each  has  7  furrow  or  marginal  spinea 
The  smooth  plates  and  the  deciduous  membrane  would  cause  this 
specimen  to  be  placed  in  the  genus  Ogmaster  if  it  were  adult.  It  is, 
in  fact,  an  Anthenaides  in  an  Ogmaster  stage.  There  are  no  small 
secondary  adradial  abactinal  plates. 

Specimen  No.  2  differs  from  No.  1  in  having  1  or  2  spherical  gran- 
ules on  a  few  of  the  interbrachial  inferomarginals  in  the  position 
of  the  future  spines,  and  a  very  few  forcipiform  pedicellariae  have 
made  their  appearance  on  the  actinal  intermediate  plates;  furrow 
spines  5  or  6. 

In  specimen  No.  3  the  abactinal  membrane  is  thicker  and  more 
pulpy ;  2  or  3  small  granules  have  appeared  on  the  proximal  supero- 
marginals  and  the  granules  on  the  proximal  inferomarginals  have 
increased  to  4  or  5,  and  are  larger,  while  on  the  ray  a  granule  takes 
the  place  of  the  small  tubercle  of  the  adult  The  inner  row  of  the 
actinal  intermediate  plates  is  provided  with  a  central  granule  (or 
3  or  4  on  each  of  the  pair  back  of  the  mouth  plates),  while  in  some 
specimens  of  this  size  a  few  other  intermediate  plates  may  have  a 
central  granule;  subambulacral  granules  proximally  2,  distally  1; 
furrow  spines,  6. 

In  No.  4  minute  abactinal  granules  have  made  their  appearance, 
which,  in  No.  5,  have  increased  in  number,  while  in  the  latter  the 
adult  condition  is  further  evidenced  by  numerous  small  superomar- 
ginal  granules  scattered  all  over  the  p4ate  (in  No.  4  only  a  few),  a 
few  abactinal  pedicellariae,  inferomarginal  spines,  actinal  inter- 
mediate granules  on  all  the  plates,  and  7  or  8  furrow  spines  with 
a  furrow  pedicellafia  on  some  plates. 

The  granules  increase  in  number  in  the  large  specimens  and  the 
marginal  spines  become  more  prominent  and  more  numerous.  Inter- 
brachially  there  are  as  many  as  6  or  7  in  large  specimens,  and  ex- 
ceptionally 9,  some  of  them  being  grooved,  and  bifid.  The  longest 
are  about  2  mm.  On  the  outer  half  or  third  of  the  ray  there  is  but  1 
aboral  appressed  spine  to  a  plate.    Sladen  figures  a  terminal  plate 
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with  2  spines.    In  small  specimens  there  are  usually  4  or  sometimes  5 
(as  in  A.  sarisaa) .   In  the  adults  I  find  scars  of  4  or  5. 

An  example  from  station  5520  has  small  forcipiform  pedicellariae, 
such  as  are  figured  by  Sladen  (1889,  plate  54,  fig.  6),  scattered 
thickly  over  the  abactinal  and  proximal  superomarginal  plates,  with 
a  few  on  the  outer  end  of  the  proximal  inferomarginals.  A  large 
specimen  from  station  5212  (No.  6  of  the  foregoing  table)  has  the 
abactinal  pedicellariae  less  numerous  and  of  a  bivalved  form,  the 
jaws  being  truncate,  as  wide  as  high,  or  wider  than  high.  A  speci- 
men from  station  5894  has  rather  more  numerous  abactinal  pedicel- 
lariae of  the  same  form,  while  another  from  5895  has  pedicellariae 
of  the  forceps  shape  with  shorter  jaws  than  the  figure  of  Sladen, 
together  with  others  which  might  be  classed  as  bivalved  with  trun- 
cate jaws  higher  than  wide.  In  this  specimen  the  pedicellariae  are 
intermediate  between  the  two  extremes. 

In  the  example  from  station  5394,  above  referred  to,  the  pedicel- 
lariae on  the  actinal  intermediate  plates  adjacent  to  the  adambulac- 
rals  are  unlike  Sladen's  figure  7,  but  are  of  the  typical  bivalved  type, 
being  quite  similar  to  the  pedicellariae  of  Hippasteria.  The  jaws 
are  truncate  and  sometimes  twice  as  wide  as  high.  A  few  are  scat- 
tered over  the  rest  of  the  interradial  area.  The  example  from  sta- 
tion 5520,  which  has  the  very  numerous  abactinal  forcipiform  pedi- 
cellariae, has  the  actinal  intermediate  pedicellariae  smaller  and 
either  bivalved  or  of  the  type  figured  by  Sladen;  or  with  spatulate, 
rounded  jaws  intermediate  between  the  two.  Specimen  No.  6  from 
station  5212  has  a  very  few  actinal  intermediate  bivalved  pedicel- 
lariae, a  short  conical  tubercle  occupying  its  place  on  the  other  plates. 
A  specimen  from  station  8595  has  the  tubercles  more  prominent,  and 
present  on  plates  near  the  margin,  as  well. 

I  have  been  able  to  compare  Anthenaidea  peircei  directly  with 
cmtatu8.  The  actinal  pedicellariae  of  peircei  are  bivalved,  but  low, 
resembling  those  of  Oreaster.  The  difference  is  not  of  generic  im- 
portance, however.  If  the  jaws  were  a  little  higher  the  pedicellariae 
would  be  like  those  of  crUtaius  from  station  5894.  In  my  key  to  the 
Gomasteridae  (1911  dj  p.  178)  I  relied  on  the  form  of  the  pedicel- 
lariae and  the  presence  of  abactinal  and  superomarginal  granules  to 
separate  Leptogonaster  from  Anthenaides.  Anthenoides^  it  appears, 
has  rudimentary  dorsal  granules,  which,  with  the  variations  of 
Leptogoruuter  cristatua^  bridge  the  small  gap  between  the  two  genera. 
The  enlarged  group  should  therefore  be  known  by  the  older  name 
Anthenddes^  which  includes  also  Antheniaster  Verrill.  Sladen  was 
in  doubt  as  to  the  validity  of  his  genus,  as  he  recognized  its  close 
affinity  to  Anthenoides.  His  conclusion  that  Leptogonaeter  was  dis- 
tinct was  justified,  because  Perrier  described  the  dorsal  skeleton  of 


Digitized  by  VjOOQIC 


332  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

I 

Anthenoides  as  "  reticulated."  Although  secondary  plates  are  pres- 
ent on  either  side  of  the  carinal  series  and  adradial  series,  the 
skeleton  has  not  the  reticulated  form  which  one  associates  with 
AntJienea. 

Anatomioal  notes. — ^Intestinal  coeca  composed  of  5  long  bifid  divi- 
sions, each  terminal  division  Ijring  on  either  side  of  the  membranous 
interbrachial  septum  to  which  it  is  attached  by  filaments  of  tissue. 
Hepatic  coeca  extending  nearly  half  the  length  of  ray;  dorsal 
stomach  sharply  divided  from  the  ventral;  retractors  of  stomach 
attached  to  upper  end  of  second  ambulacral  ossicle,  to  the  proximal 
edge  of  the  A -shaped  first  ossicle,  and  to  the  dorsal  integument 
Polian  vesicle  in  each  interradius.  Gonads  arranged  in  a  series  par- 
allel to  and  near  the  interradial  septum.  They  are  not  well  developed 
in  the  specimen  dissected,  but  from  6  to  10  small  tufts  can  be  counted 
in  each  series.  In  Anthenoides  peircei  the  gonads  are  similarly 
disposed. 

On  the  proximal  part  of  the  radial  area  and  center  of  disk  the 
primary  plates  in  regular  longitudinal  series  are  surrounded  by 
irregular  small  secondary  plates  which  on  the  distal  part  of  their 
area  are  found  only  between  the  rows  of  primary  plates.  These 
secondaries  ar^  entirely  lacking  on  the  radial  areas  in  immature 
specimens.  Small  examples  may  have  a  few  in  the  center  of  disk,  but 
the  difference  in  size  between  them  and  the  primary  plates  is  not  so 
marked.  These  secondary  plates  have  5  or  6  short  lobes  with  trun- 
cate facets  which  join  truncate  facets  of  the  primary  plates.  The 
number  of  secondary  plates  varies  with  age,  an  old  specimen  having 
many,  which  proximally  completely  surround  the  primary  plates, 
while  in  smaller  examples  the  plates  are  fewer  and  are  found  be- 
tween the  primaries.  On  the  coelomic  side  some  of  the  secondary 
plates  are  raised  into  a  keel,  the  keels  radiating,  4  to  6,  quite  regu- 
larly and  acting  as  connecting  ossicles  between  adjacent  rows  of  pri^ 
mary  plates,  and  sometimes  between  consecutive  plates  of  the  same 
series.  Other  secondaries,  out  of  position,  lack  the  keel.  Distally 
beyond  the  area  of  secondary  plates  the  primaries  are  externally 
roundish,  with  truncate  facets,  or  they  may  touch  without  a  flattening 
of  the  periphery.  The  papulae  are  generally  distributed  all  over 
the  abactinal  area  in  fully  adult  specimens  and  occur  1  to  an  area, 
as  a  rule,  though  between  secondary  plates  occasionally  2. 

I  have  examined  the  dorsal  skeleton  of  Anthenaides  peircei  and  it 
conforms  to  the  arrangement  in  cristatusj  although  minor  specific 
differences  are  observable.  For  example,  the  secondary  plates  lack 
a  special  internal  keel,  and,  the  specimen  being  smaller,  there  are 
fewer  plates.  When  the  abactinal  integument  of  peircei  is  cleared 
with  caustic  potash  numerous  minute  grains  are  observable,  much 
smaller  than  the  dorsal  granules  of  criatcUtie. 
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Type.— In  the  British  Museum. 

Type-locality. — ChdUenger  station  204,  off  Tablas  Island,  Philip- 
pines, 100-116  fathoms,  green  mud. 

'Distribution. — ^Philippine  Islands,  102  to  279  fathoms,  on  green 
mud,  globigerina,  sand,  and  hard  bottom ;  temperature  range  58.3^  to 
61.8°  F. 

Specimens  exaTrvmed. — ^Eighty-eight. 

Specimens  of  Anthenoides  cristatus  examined. 


Station. 


LocaUty. 


I>epth. 


Nature  of  bot- 
tom. 


Num- 
ber. 


Bottom 
temper- 
ature. 


6117 
6121 

6212 

5367 
83e» 
6375 
6382 
8394 
6305 
5154 


Balayan  Bay,  LusoQ 

East  coast  of  MlndorOi  9  milea  southeast  Malabrigo  light, 

East  of  Masbate  Island 

North  of  Mindoro  (Verde  Island  Passage) 

Northwest  of  Marinduque  Island 

do 

Ragay  Qolf,  Luzon 

Between  Samar  and  Masbate 

....do 

Albay  Oulf,  Luzon 

Off  northern  Mindanao,  7.7  miles  northwest  Maoabalan 

Pt.  Lteht. 
Off  nortaem  Mindanao,  0.7  miles  northeast  Pt.  Tagolo 

Light. 
Off  northern  Mindanao,  4.5  mUes  southwest  Pt.  Tagido 

Light. 
Between  Negros  and  Slquijor 


Fath- 
omt. 
118 
108 

106 

180 
106 
107 
128 
153 
140 
146 
220 

176 

102 

270 


•F. 


Dark      green 

mud. 
Gray      sand, 

mud. 

Sand , 

Black  sand..., 
Green  mud... 

Mud 

Green  mud... 
Hard 

Globigerina.. 

Green  mud... 


60.0 


64.8 
6L8 
63.6 


Remarks. — Anthenoides  sarissa  Alcock  from  the  Andaman  Sea,  180 
to  150  fathoms,  is  very  close  to  immature  cristatus.  The  subambula- 
cral  spine  is  more  prominent  than  in  small  cristatus^  however,  and 
the  secondary  abactinal  plates  are  described  as  inlaid  everywhere  be- 
tween the  large  plates,  showing  perhaps  that  they  are  more  numerous 
than  in  crista;tus.  The  figure  (Alcock,  1894,  pi.  2,  fig.  4a) ,  however, 
does  not  indicate  on  the  ray  more  than  an  adradial  series. 

A  small  specimen  has  a  fairly  large  solitary  coral  of  the  genus 
FlaieUtMn  partly  engulfed. 

ANTHENOmES  6BANULOSUS  Flalier. 

Plate  88,  figs.  2,  8;  plate  94,  figs.  4,  4a-&. 
AntheiuMes  graimlosus  FismcB,  1013a,  p.  647. 

Diagnosis. — Similar  in  general,  appearance  to  A.  epixanthus 
(Fisher)  but  differing  in  having  much  more  numerous  and  coarser 
abactiQal  and  marginal  granules;  numerous  small  abactinal  and 
actinal  intermediate,  bivalved  pedicellariae;  more  numerous  adam- 
bulacral  pedicellariae,  which  are  relatively  larger;  slender,  and 
sili^tly  more  numerous  furrow  spines,  and  more  numerous  oral 
spines.    R=79  mm.,  r=89  mm.,  R=2  r;  breadth  of  ray  at  inter- 
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brachium,  43  mm.;  disk  very  large  with  open,  arcuate  interbrachia 
and  short,  tapering,  blimtly  pointed  rays;  whole  surface  overlaid  by 
soft  membrane,  obscuring  the  underlying  plates,  especially  the  abac- 
tinals,  which  are  covered  with  spaced  granules  larger  than  in  epix- 
anthus;  marginal  plates  covered  all  over  with  spaced  granules,  coars- 
est on  outer  part  of  plate,  and  more  numerous  than  in  A.  epixanthm; 
no  marginal  spines;  actinal  intermediate  granules  coarse  and  numer- 
ous; furrow  spines  slender,  compressed,  6  to  9,  the  adoral  end  of  the 
plate  with  a  large,  slender,  f orcipif orm  pedicellaria,  and  1  to  3  more 
on  the  actinal  surface;  subambulacral  spines,  1  to  4,  according  to  the 
number  of  pedicellariae,  which  they  partly  replace;  oral  spines  13 
to  15,  with  several  suboral  pedicellariae  and  numerous  suboral 
granules. 

Description. — ^This  species  so  closely  resembles  A,  epixanthus 
(Fisher)  of  the  Hawaiian  Islands  that  the  description  will  be  in  the 
form  of  a  comparison.  The  entire  animal  is  overlaid  by  a  soft, 
fairly  thick,  membrane,  obscuring  the  outlines  of  the  abactinal  plates 
(which  are  arranged  as  in  epixcmtkus).  The  membrane  is  thro^sni 
into  fine  wrinkles  and  reticulations,  partly  due  to  the  numerous  un- 
equal spaced  granules  beneath.  These  granules  are  much  more 
numerous  and  much  larger  than  in  epixanthus  and  become  visible 
when  the  membrane  is  partly  or  wholly  dried.  TEey  increase  in 
size  from  the  center  of  disk  toward  the  periphery,  and  the  central 
granules  of  each  plate  (especially  near  margin)  are  larger  than  the 
peripheral.  The  number  of  granules  to  a  plate  is  between  15  and  20. 
In  A.  epixanthus  the  granules  are  practically  microscopic  (as  in 
A.  peircei)  uniform  in  size  and  scarcely  a  tenth  the  size  of  an  average 
granule  in  granulosus.  They  are  so  small  that  the  membrane  is 
smooth  even  when  dried,  whilfe  in  granulostcs  it  is  very  rough.  Scat- 
tered over  the  abactinal  plates  are  numerous  small  pedicellariae  aboat 
the  size  of  largest  granules,  with  2  curved  truncate  jaws  as  wide  as 
high,  or  wider  than  high.    They  resemble  split  granules. 

Papulae  frequently  very  dark  brown  (as  in  epixanthus)^  con- 
fined to  petaloid  radial  areas,  confluent  at  center  of  disk.  As  is 
usual  in  this  genus,  there  are  smaller  secondary  plates  on  the  proxi- 
mal radial  regions.  The  secondary  plates  are  lobed,  and  partly  or 
wholly  surround  the  carinal,  and  1  or  2  parallel  series,  to  either  side. 
They  extend  on  each  side  of  the  carinal  series  nearly  one-half  B, 
while  the  proximal  plates  of  the  same  series  may  be  entirely  encircled 
by  6  or  8  secondary  plates.  The  secondary  plates  do  not  extend  very 
far  distad  on  the  lateral  portions  of  the  area.  The  primary  plates 
become  smaller  and  also  incipiently  lobed  at  the  center  of  disk  so  that 
they  are  indistinguishable  from  the  secondaries.  Over  the  papular 
areas,  even  where  there  are  no  secondary  plates,  the  primaries  are 
roimdish  or  broadly  elliptical  with  5  or  6  incipient  lobes,  sometimes 
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reduced  to  simple  facets;  but  on  the  outer  third  of  the  ray  the  plates 
may  be  much  wider  than  long  and  without  any  trace  of  lobing.  The 
secondary  plates  have  3  to  5  very  irregular  lobes  and  are  not  raised 
internally  into  a  keel  as  in  ul.  cristdtua. 

Superomarginal  plates  (21  or  22  in  type)  forming  a  rounded  bevel 
in  iDtertrachia,  but  on  outer  third  of  ray  strongly  arched,  with  lateral 
and  dorsal  surfaces.  The  plates  are  usually  decidedly  wider  than 
long,  but  they  vary  in  this  respect,  for  one  specimen  (station  5622) 
has  the  plates  of  the  proximal  two-thirds  of  the  series  as  wide  as  long. 
They  diflfer  from  the  superomarginals  of  A.  efixanthvs  in  having  the 
entire  surface  (except  on  outer  third  of  ray)  covered  with  coarse 
hemispherical,  slightly  spaced,  granules,  those  on  the  border  the 
smallest.  The  inferomarginals  extend  slightly  beyond  the  supero- 
marginals and  are  closely  covered  with  similar  granules,  which  are 
coarsest  on  the  rounded  margin  of  the  ray  and  decrease  in  size  toward 
the  inner  margin.  In  epixanthus  the  inf  eromarginal  and  superomar- 
ginal granules  are  very  much  fewer  and  more  spaced.  They  do  not 
cover  the  whole  surface  of  the  plate  thickly.  On  the  distal  plates  the 
granules  are  fewer  and  scattered.  The  outlines  of  the  marginal 
plates  and  the  granules  are  partly  visible  without  drying  the  speci- 
men. Terminal  plate  pentagonal  to  ovoid,  as  long  as  broad,  or 
broader  than  long,  with  2  stubby  terminal  spines.  The  last  3  or  4 
pairs  of  superomarginals  are  in  contact  medially. 

Actinal  intermediate  plates  slightly  convex,  rather  irregular,  in 
about  8  chevrons,  the  series  of  plates  adjacent  to  the  adambulacrals 
extending  to  the  seventh  to  ninth  inf  eromarginal.  They  are  closely 
covered  with  coarse  spaced  granules,  those  in  the  center  being  much 
coarser  than  the  peripheral.  In  epixaTUhua  the  large  granules  are 
fewer,  and  the  tiny  immersed  granules  in  the  majority.  Many  of  the 
plates  adjacent  to  the  adambulacrals  bear  1  to  3  small  2-jawed  pedi- 
oellariae  slightly  smaller  than  the  heaviest  granules  and  similar  in 
form  to  the  abactinal  pedicellariae. 

Adambulacral  plates  slightly  longer  than  wide,  with  a  curved  or 
slightly  angular  furrow  margin,  or  occasionally  a  nearly  straight 
margin,  bearing  a  comb  of  6  to  9,  usually  7  or  8,  slightly  divergent, 
slender,  tapering,  but  also  compressed,  bluntly-pointed  furrow  spines, 
webbed  for  half  their  length.  The  margin  of  the  comb  is  curved, 
the  mesial  spines  being  the  longest  and  the  laterals  the  shortest. 
At  the  adoral  end  of  the  series  there  is  usually  a  rather  long,  slender, 
2-jawed  forcipiform  pedicellaria,  set  back  slightly,  the  jaws  being 
very  narrowly  spatulate  and  about  as  long  or  a  little  longer  than 
the  adjacent  adoral  furrow  spine.  The  pedicellaria  is  larger  than  the 
homologous  pedicellaria  of  epixanthu8.  One  to  3  similar  pedicellariae 
stand  on  tiie  surface  of  the  plate  sometimes  in  a  longitudinal  series. 
Two  or  3  short,  blunt,  tubercular  unequal  spines  form  a  series  back 
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of  the  pedicellaria  (where  these  are  numerous)  or  take  the  place 
of  1  or  more  of  the  pedicellariae.  When  there  is  only  the  adoral  pedi- 
cellaria  it  replaces  the  others  entirely.  On  the  outer  part  of  the 
furrow  one  of  these  spines  is  enlarged  6or  2  in  a  transverse  series) 
and  becomes  tapering  and  pointed,  and  is  conspicuously  longer  than 
the  furrow  spines.  The  outer  margin  of  the  plate  has  several  un- 
equal granules.  In  this  species  the  subambulacral  pedicellariae  are 
much  more  numerous  than  in  epixanthus^  while  the  furrow  spines 
are  more  delicate  and  compressed. 

Mouth  plate  convex  actinally  as  in  epixcmtJma  and  other  members  of 
the  genus.  Marginal  spines  in  a  slightly  convex  series  of  18  to  15 
(9  to  11  in  epixanthita)  similar  to  the  adambulacral  spines  except  the 
inner  8  which  very  rapidly  increase  in  size  and  become  compressed, 
round-tipped,  or  truncate  teeth.  The  spines  are  webbed  for  about  half 
their  length.  Back  of  the  furrow  spines  is  a  row  of  upward  of  6 
pedicellariae  similar  to  the  subambulacral  pedicellariae,  the  rest  of 
the  plate  being  covered  with  spaced  coarse  hemispherical  or  some- 
times acute  granules.  In  small  specimens  only  1  or  2  pedicellariae 
may  be  present. 

Madreporic  body  variable  in  size,  fairly  large,  nearly  flat,  irregu- 
larly roundish,  situated  a  little  more  than  i  r  from  center.  Striae 
fine,  radiating,  and  branched. 

The  gonads  are  arranged  in  a  series  of  6  to  8  tufts  on  either  side 
of  and  parallel  to  the  membraneous  interbrachial  septa. 

Type.—CBt.  No.  80559,  U.S.N.M. 

Type-locality. — Station  5626,  between  Gillolo  and  Kayoa  Islands^ 
Molucca  Islands,  265  fathoms,  gray  mud,  fine  sand;  1  specimen. 

Distribution. — ^Molucca  Islands,  265  to  288  f  athom& 

Specimens  exarnmed. — ^Five  in  addition  to  the  type:  Station  56^ 
between  Gillolo  and  Makyan  Islands,  275  fathoms,  gray  mud,  1  speci* 
men ;  station  5624,  same  locality,  288  fathoms,  fine  sand,  mud,  4  speci- 
mens. 

ANTHENOmES  UTHOSOBUS  FlalMr. 

*     Plate  89,  fig.  2 ;  plate  90,  fig.  2 ;  plate  94,  fig.  6,  6a>e. 

Anthenoides  lithosorus  Fisher,  1918a,  p.  647. 

Diagnosis, — Closely  related  to  A.  granulosus^  but  differing  in  hav- 
ing the  coarse  superomarginal  granules  confined  to  the  center  of  plate,, 
surrounded  by  a  conspicuous  area  with  only  spaced  microscopic 
grains;  abactinal  granules  fine,  subequal,  thick  on  center  of  disk,  be- 
coming smaller  and  more  spaced  as  iiie  margin  is  approached,  fewer 
than  in  granulosus^  smaller,  and  the  central  granules  of  the  plate  not 
larger  than  the  others;  superomarginal  plates  more  tumid,  the  width 
remaining  the  same  to  within  4  or  5  plates  of  end  of  ray  (regularly 
decreasing  in  length  in  granulosus) ;  furrow  spines  9  or  10 ;  oral  spines- 
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15  or  16.  R=80  mm.,  r=44  mm.,  R=about  1.8  r.  General  form 
similar  to  that  of  gramdosus  but  the  rays  are  thicker  toward  the  end 
owing  to  the  heavier  superomarginals,  the  last  6  or  7  pairs  of  which 
are  in  contact  medially. 

Description. — ^The  abactinal  area  is  overlaid  by  a  thick  membrane, 
which  in  drying  allows  the  small  granules  to  be  seen.  These  are  sub- 
equal  and  about  the  size  of  the  smallest  granules  of  grcmultwas.  Only 
ia  the  center  of  the  disk  are  they  as  numerous  as  in  granulovus^  and  as 
just  indicated  they  are  not  larger  in  the  center  of  the  plate  (which  is 
a  characteristic  of  granulosus) .  In  granulosus  they  are  numerous  all 
over  the  abactinal  area,  but  in  lithosorus  they  are  closely  placed  only 
on  the  center  of  the  disk,  becoming  more  and  more  widely  spaced  as 
the  margin  is  approached  and  on  the  outer  part  of  ray  are  scarce. 
Scattered  over  the  papular  areas  (which  are  as  in  granulosus)  are 
numerous  tiny  pedicellariae  similar  to  those  of  graamlosus^  but  larger 
than  the  granules  (since  the  granules  are  very  small). 

Superomarginals  18,  massive  and  tumid,  keeping  their  width 
(which  exceeds  the  length)  up  to  about  the  twelfth  to  fourteenth 
plates,  and  from  that  point  gradually  narrowing.  As  a  consequence 
the  rays  are  distally  wider  than  in  granulosi^^  in  which  the  plates 
narrow  gradually  firom  the  base  of  the  ray.  The  first  7  plates  have 
a  central  group  of  coarse  hemispherical  granules,  which  in  a  dried 
specimen,  remind  one  of  little  heaps  of  stones.  The  first  plate  has 
about  24  granules  and  the  seventh  6  or  6.  The  outer  plates  have 
only  the  microscopic  granules  such  as  surround  the  coarse  proximal 
granules.  These  are  invisible  until  the  specimen  is  dried.  Terminal 
plate  pentagonal  about  as  wide  as  long,  with  the  scars  of  6  terminal 
spines.  Inferomarginals  encroaching  conspicuously  upon  actinal 
area  and  extending  interradially  slightly  beyond  the  superomar- 
ginals. They  decrease  regularly  in  width  and  become  rather  more 
tumid  as  the  end  of  the  ray  is  approached.  The  first  10  are  covered 
with  coarse  granules  which  decrease  in  size  from  the  edge  of  ray 
toward  inner  margin  of  the  plate.  The  ninth  to  eleventh  plates  have 
a  rapidly  decreasing  number  of  granules,  the  remaining  plates,  as 
well  as  a  widening  space  along  the  upper  margin  of  the  first  eleven, 
being  occupied  by  the  minute  grains  referred  to  above. 

Actinal  intermediate  plates  distinctly  tumid  with  3  to  10  unequal, 
coarse,  hemispherical  granules  surrounded  by  10  to  20  spaced,  much 
smaller  ones,  very  much  as  in  granulosus^  except  that  toward  the 
margin  the  small  granules  are  fewer  and  smaller  than  the  corre- 
sponding ones  in  granulosus;  hence  there  is  more  discrepancy  in 
size  between  the  2  kinds.  The  plate  adjacent  to  the  adambulacrals 
and  a  few  others  have  upward  of  6,  usually  1  to  4,  small,  2-jawed 
pedicellariae  similar  to  those  of  granulosus. 
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Adambulacral  armature  similar  to  that  of  grarvuloaus  but  there 
are  9  to  10  furrow  spines  instead  of  7  or  8.  Two  to  4  forcipiform 
pedicellariae  monopolize  the  surface  of  the  plate,  except  for  a  few 
granules  and  a  short  pointed  spine  or  two  in  place  of  pedicellariae. 
On  the  outer  third  of  ray  there  is  a  well-developed  pointed  sub- 
ambulacral  spine,  sometimes  with  a  small  companion,  and  usually 
but  1  pedicellaria  just  back  of  the  proximal  furrow  spine.  Mouth 
plates  similar  to  those  of  grcmulosua^  with  15  or  16  marginal  spines, 
1  fairly  well  developed  pointed  suboral  spine  near  the  inner  end  of 
the  plate,  5  or  6  scattered  pedicellariae  and  rather  widely  spaced 
granules,  the  5  or  6  nearest  the  median  suture  being  largest. 

Madreporic  body  flat,  circular,  with  radiating  branched  tstriae. 

Type.-^2Li.  No.  80560,  U.S.N.M. 

Type-loGolity. — Station  5801,  China  Sea,  vicinity  of  Hongkong 
(lat.  20°  87'  N.;  long.  115°  48'  E.),  208  fathoms,  gray  mud,  sand; 
bottom  temperature  50.6°  F. 

Bemarks. — ^This  species  differs  from  A.  cristatus  and  A.  sarissa 
in  the  absence  of  inferomarginal  spines,  and  in  having  much  coarser 
superomarginal  granules,  heavier  marginals,  shorter  rays,  thicker 
abactinal  integument,  more  numerous  actinal  intermediate  granules, 
and  in  numerous  other  details  of  armature.  It  differs  from  A.  epix- 
antJvus  in  having  coarser  and  more  numerous  abactinal  granule 
numerous  abactinal  and  actinal  intermediate  pedicellariae,  more 
numerous  and  slenderer  furrow  spines  and  oral  spines,  more  com- 
pactly placed  superomarginal  granules  (which,  however,  in  epia- 
anthus  form  a  central,  though  sparser,  group),  heavier  superomar- 
ginals  distally  and  numerous  subambulacral  forcipiform  pedicel- 
lariae. The  abactinal  granulation  and  pedicellariae  will  alone  sep- 
arate the  two  species,  the  granules  of  epixanth/us  being  microscopic 
and  very  widely  spaced,  and  the  bivalved  granulif  orm  pedicellariae 
being  absent. 

ANTHENOmES  RUG1}LOSUS  Ffeher. 

Plate  85,  fig.  4 ;  plate  88,  fig.  4 ;  plate  90,  fig.  1 ;  plate  94,  figs.  5,  5(i-*. 

Anthcnoides  rugulosus  Fisher,  1913a,  p.  648. 

Diagnosis, — Differing  from  A,  granulosus  in  having  longer,  slenderer 
rays,  narrower  marginal  plates,  rather  more  numerous  and  smaller 
tm^/o7*772r  abactinal  granules,  a  fine  superomarginal  granulation  (except 
for  a  few  central  coarse  hemispherical  granules  on  the  proximal  plates) 
and  more  elevated,  pincer-shaped  abactinal  pedicellariae.  E=124 
mm.,  r=4:7  mm.,  R=2.6+r;  breadth  of  ray  at  first  superomarginal, 
62  mm.  Disk  large,  rays  distally  narrow,  tapering  arcuately  from 
wide  interbrachia ;  disk  more  or  less  inflated;  whole  body  overlaid 
by  smooth,  rather  thick,  soft  skin,  minutely  wrinkled  on  the  abactinal 
area  and  covering  a  fine,  close,  uniform  granulation;  small  forceps- 
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shaped,  abactinal  pedicellariae;  superomarginal  plates  smooth,  the 
membrane  covermg  fine,  spaced  granules,  and  on  the  proximal  plates 
a  few  scattered  coarse  central  granules;  superomarginals  of  middle 
region  of  ray  in  large  specimens  longer  than  wide;  actinal  inter- 
radial  areas  variable,  usually  fairly  smooth,  the  plates  with  central, 
enlarged,  hemispherical  granules,  as  in  granuloaus;  the  plates  adja- 
cent to  adambulacrals  with  a  variable  number  of  forcipiform  or 
spatulate,  lower,  pedicellariae ;  furrow  spines  compressed,  usually  7  or 
8  proximally,  varying  to  6  to  9,  the  armature  in  general  similar  t^ 
that  of  A,  grcmulos'us;  oral  spines,  14  or  16. 

Description. — ^Abactinal  membrane  fairly  thick,  about  as  in  epixa/r^ 
this  and  granuloma^  and  marked  by  myriads  of  fine  interlacing 
wrinkles,  partly  due  to  the  underlying  granules.  In  some  specimens 
the  membrane  has  a  minutely  warty  appearance.  Even  when  dried 
the  outlines  of  the  plates  are  difficult  to  make  out,  although  their 
contours  are  somewhat  indicated  by  the  papular  pores.  The  ab- 
actinal area  is  covered  uniformly  with  tiny  spaced  spinif orm  granules 
which  are  often  a  little  higher  than  wide.  ^  One  is  reminded  more 
of  very  short  spinelets  than  of  the  rounded,  hemispherical  granules 
of  A.  granuhsus.  They  are  subequal,  about  the  size  of  the  inter- 
mediate granules  of  granulosus^  and  are  more  closely  placed,  there 
being  45  or  60  on  an  average  carinal  plate.  They  are  larger  than 
the  granules  of  lit7u>sorus  and,  unlike  them,  they  do  not  become  widely 
spaced  toward  the  edge  of  the  area.  Scattered  over  the  abactinal 
area  are  numerous  small  2- jawed  pedicellariae,  higher  than  in  granu- 
losis. In  the  type  they  have  2  slender,  slightly  spatulate  jaws,  very 
similar  to  the  abactinal  pedicellariae  of  cristatus,  as  figured  by  Sla- 
den,  while  in  other  specimens  (as  from  station  5122)  the  jaws  are 
truncate  and  only  1.6  to  2  times  as  high  as  broad,  and  hence  having 
somewhat  the  same  variations  as  in  cristatus.  Still  other  examples 
have  the  jaws  spatulate  and  intermediate  between  the  slender  forceps 
and  the  lower  bivalve  forms.  These  pedicellariae  are  not  covered  by 
the  membrane.  Papulae  are  found  all  over  the  disk  except  a  narrow 
interradial  streak,  and  are  absent  from  a  small  portion  of  the  end 
of  the  ray. 

The  relation  between  the  primary  and  secondary  abactinal  plates 
is  as  in  il.  granulosus.  On  the  proximal  portion  of  the  radial  areas 
the  small,  irregular  plates  surround  the  carinal  plates,  and  the  plates 
of  one  or  more  longitudinal  series  on  either  side.  They  gradually 
become  restricted  to  either  side  of  the  carinal  series  near  the  middle 
of  B.  Beyond  about  the  middle  of  B  there  are  no  secondary  plates. 
The  primary  plates  usually  have  6  short  lobes  or  far  along  ray,  are 
roundidi  without  very  evident  lobes.  On  the  central  part  of  the 
disk  the  lobing  is  irregular,  and  near  the  margin  the  plates  are 
irregularly  4-lobed  or  4-sided. 
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Superomargmals,  80  in  tie  type,  are  not  at  all  tumid,  and  form  a 
slightly  arched  bevel,  the  first  5  or  6  slightly  wider  than  long;  the 
succeeding  12  to  14,  longer  than  wide;  and  the  remainder  gradually 
becoming  wider  than  long.  They  decrease  very  gradually  in  width, 
irrespective  of  the  changing  length,  and  are  covered  with  spaced 
minute  granules,  with  5  or  6  spaced  coarse  hemispherical  granules 
on  the  center  of  the  first  4  or  6  platea  These  are  the  only  granules 
that  show  through  the  membrane,  as  a  rule,  although  there  is  varia- 
tion in  this  respect.  Usually  the  plates  feel  smooth  to  the  touch, 
the  granules  not  being  so  evident  as  in  granulosus  or  lUhosorui. 
This  is  particularly  true  of  the  medium-sized  and  small  specimens. 
In  some  of  the  largest  specimens  the  proximal  plates  have  1  or  2 
small  spatulate  2- jawed  pedicellariae,  but  these  are  present  in  less 
than  half  of  the  specimens.  Terminal  plate  pentagonal  from  above, 
with  6  terminal  spines. 

Inferomarginals  extending  laterally  slightly  beyond  the  supero- 
marginals,  the  actinal  face  wider  than  long  at  base  of  ray,  gradually 
becoming  longer  than  wide  at  the  middle.  They  -are  covered  with 
spaced,  rather  unequal,  granules  coarsest  on  the  margin  (and  these 
about  as  large  as  the  largest  superomarginal  granules),  decreasing 
in  size  toward  the  inner  margin  of  plate.  The  plates  are  narrower 
than  in  lithosorua^  but  the  granules  are  of  nearly  the  same  relative 
size,  perhaps  a  little  smaller. 

The  actinal  intermediate  plates  extend  to  the  twelfth  inferomar- 
ginal  or  a  little  over  half  the  length  of  ray  in  large  specimens,  and 
are  covered  with  spaced,  coarse,  hemispherical  granules,  8  to  10  in 
the  center  being  the  largest,  and  the  others  of  several  smaller  sizes, 
as  in  granvlosua  and  Uthosorus.  A  variable  number  of  proximal 
plates  of  the  series  adjacent  to  the  adambulacrals  bear  1  or  2,  or 
occasionally  as  many  as  6  forcipiform  pedicellariae.  In  this  type 
these  are  very  few,  but  a  specimen  from  station  5260  has  many. 
Some  examples  (as  station  5501)  have  the  pedicellariae  intermediate 
between  the  bivalved  and  forcipiform  types,  just  as  the  abactinal 
pedicellariae  vary.  In  the  example  from  staMon  5260  the  granules 
on  the  inner  chevron  of  plates  tend  to  become  pointed  and  spinif onn. 
In  the  large  and  small  alcoholic  specimens  the  outlines  of  the  actinal 
intermediate  plates  are  usually  visible,  but  not  in  the  medium-sized 
examples  where,  also,  the  central  granules  are  less  prominent  than 
in  the  largest  specimens.  In  the  latter,  the  central  granules  appear 
as  spaced  clusters  overlaid  by  membrane,  the  smaller  granules  being 
inconspicuous  or  invisible  imtil  dried. 

Adambulacral  plates  similar  to  those  of  granulosus  but  more  vari- 
able as  regards  the  subambulacral  armature.  Furrow  spines  stout, 
compressed,  of  nearly  uniform  width  when  viewed  from  above,  but 


Digitized  by  VjOOQIC 


8TABFI8HB8  OF  THE  PHIUPFIKE  SEAS.  841 

tapering  as  regards  the  other  dimensions  to  a  rounded,  chisel-like 
point  in  the  type.  They  vary  a  good  deal  in  form.  They  are  gener- 
ally 4-sided,  the  transverse  diameter  being  greater  than  the  longi- 
tudinal (as  regards  axis  of  ray).  The  type  has  prozimally  7  or  8, 
and  on  the  outer  part  of  the  ray  6  or  7  spines  forming  a  basally 
webbed,  palmate  series  with  a  convex  distal  margin.  The  number 
varies  to  6  or  7  and  8  or  9  spines  proximally  in  different  specimens. 
At  the  adoral  end  of  the  series  is  a  slender  sessile  f  orcipif  orm  pedi- 
cellaria  as  long  or  nearly  as  long  as  the  adjacent  adoral  spine.  The 
pedicellaria  viewed  from  the  side  has  a  lanceolate  contour  and  its 
form  is  best  appreciated  from  the  figure.  In  the  type  there  are  proxi- 
mally 2  or  3  coarse,  tapering,  subcorneal  bluntly  pointed,  sometimes 
flattened  spines,  much  heavier  but  shorter  than  the  furrow  spines, 
and  forming  a  longitudinal  series.  On  the  outer  part  of  the  ray  there 
is  1,  or  sometimes  2,  in  a  transverse  series,  varying  from  blimt  clavate 
to  tapering  and  pointed.  At  rare  intervals  a  pedicellaria  takes  the 
place  of  a  spine.  On  the  proximal  half  of  the  furrow,  however,  it  is 
more  usual  to  have  1  to  8  prominent  f orcipif  orm  subambulacral  pedi- 
cellariae  either  grouped,  scattered,  or  forming  a  longitudinal  series 
with  the  nearly  constant  adoral  pedicellaria  near  the  furrow.  A  few 
unequal,  prominent,  conical  granules  are  present,  sometimes  standing 
in  line  with  the  1  or  more  pedicellariae,  while  the  outer  part  of  the 
plate,  as  in  the  type,  is  occupied  by  small  spaced,  sometimes  spinuli- 
form,  granules. 

Mouth  plates  convex  actinally,  with  14  or  15  marginal  spines^  the 
inner  4  or  5  rather  rapidly  enlarging  and  becoming  strongly  com- 
pressed and  leaf-like.  The  type  has  6  to  9  suboral  tubercles,  scat- 
tered granules,  and  a  pedicellaria.  Most  of  the  specimens  have  only 
2  or  8  tubercles  and  2  to  6  pedicellariae,  in  addition  to  spaced  gran- 
ules.   The  suboral  armature  is  very  variable. 

Madreporic  body  similar  to  that  of  granulosus^  subcircular,  fairly 
large,  with  dichotomously  branching,  radiating  ridges,  separated  by 
fine  slightly  sinuous  striae. 

Anatomical  notes. — The  intestinal  coecum  is  practically  as  in 
A.  crista4!us.  There  are  6  slender,  interradial  bifurcate  sacs,  the  dis- 
tal divisions  passing  on  either  side  of  the  membraneous  interbrachial 
septum,  to  which  they  are  firmly  attached.  The  intestine  is  very 
short  and  slightly  eccentric.  The  gonads  are  arranged  in  a  compact 
series  of  about  10  tufts  on  either  side  of  and  parallel  to  the  inter- 
brachial septum,  and  extending  from  about  J  r  from  center  to  within 
about  10  mm.  of  the  marginal  plates. 

Type.—Cs^^.  No.  80561,  U.S.N.M. 

iType-focoK^y.— Station  5121, 9  miles  southeast  of  Malabrigo  Light, 
east  coast  of  Mindoro,  108  fathoms,  dark  green  mud;  1  specimen. 
13434— Bull.  100—19 ^28 
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Distribution. — ^East  coast  of  Mindoro  to  the  Mindanao  Sea,  214  to 
392  fathoms,  green  mud  and  ooze;  temperature  range,  51.4°  to 
54.8°  F. 

Specimens  examined. — ^In  addition  to  the  type,  13  from  the  fol- 
lowing localities: 

Specimens  of  Awthenoides  rugulosus  examined. 


station. 


Locality. 


Depth. 


Nature  of  bot- 
tom. 


Num- 
ber. 


Bottom 
temper- 
ature. 


5122 


5198 
5260 


5601 


5603 
5527 


5536 


20  miles  southeast  Malabrlgo  Light,  east  coast  of  Min- 
doro. 
10  miles  northwest  Baliscasag  Island,  western  B<^ol . . . 
Off  southeastern  Mindoro 


8  miles  northwest  Macabalan  Point  Light,  Mindanao.. 

6.6  miles  northwest  Macabalan  Point  Light,  Mindanao. 
Between Siquijor and  Bohollslands 


Fath- 
oms. 


220 
234 


314 


226 
3d2 


Green  mud.. 

do 

Qreen     mud, 

sand. 
Fine  gray  sand 
and  mud 
Qreen  mud . . . 
Olobigerina 


Between  Negros  Siquijor  Islands 279 


Qreen  mud.... 


53.9 
51.4 


54.3 


S3.3 
53.3 


53.5 


Rem/irks. — ^This  species  is  readily  distinguished  from  A.  granu- 
losvs  by  its  decidedly  longer,  slenderer  rays,  narrower  supermar- 
ginal plates,  and  the  uniform,  rather  close,  and  finer  granulation 
under  the  smoothish  abactinal  membrane.  In  granulosus  the  gran- 
ules of  the  superomarginaJ  plates  are  coarse,  distributed  all  over  the 
plate,  and  show  through  the  membrane,  causing  the  plates  to  feel 
rough  in  alcoholic  specimens.  In  rugulosus  the  granules  are  fine,  like 
those  of  ihQ  abactinal  plates,  and  only  a  few  central  enlarged  gran- 
ules oii  the  first  5  or  6  plates  show  through  the  membrane.  As  a 
result  the  superomarginals  (with  the  exception  of  the  central  part 
of  the  first  few  plates)  are  smooth  in  undried  specimens.  The 
abactinal  pedicellariae  are  forceps-shaped  and  like  those  of  A.  cris- 
tatus.  A  characteristic  of  granulosus  is  the  larger  size  of  the  central 
granules  of  each  abactinal  plate;  in  rugulosus  it  is  to  be  emphasized 
that  the  granules  are  subequal.  A.  lithosorus  differs  in  having  the 
abactinal  granules  very  numerous  in  the  center  of  disk,  becoming 
smaller  and  much  sparser  toward  the  margin ;  in  having  wider  and 
more  tumid  superomarginals,  which  maintain  their  width  to  near 
the  end  of  the  ray ;  in  having  a  coarser  actinal  granulation,  coarser 
superomarginal  granules  on  central  part  of  the  proximal  plates  and 
much  finer,  sparser  granulation  elsewhere;  and  in  having  9  or  10 
furrow  spines. 

Genus  ATELORIAS  Fisher. 
Ateloriaa  Fishes,  1911o,  p.  424.    Type,  Ateloriaa  (macanthus  Fisher. 

Diagnosis.-^-QomfkSt&ridfie  with  unequal  marginals,  the  superomar- 
ginals the  larger,  conspicuously  overhanging  the  inferomarginals 
and  forming  an  angular  margin  to  disk  and  rays;  with  all  the  plates 
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granulate  and  covered  with  thin  soft  membrane,  leaving  each  plate 
distinct ;  abactinal  plates,  not  elevated,  flattish,  nmnerous,  extending 
to  tip  of  ray;  papulae  in  radial  petaloid  areas;  adambulacrals  with 
an  angular  furrow  series  of  rather  short,  stout,  spinelets  and  sub- 
ambulacral  granules,  actinal  interradial  areas  large;  disk  large  and 
thin,  rays  slender.  Entrenched  small  upright  two-jawed  pedicel- 
lariae  on  abactinal,  marginal,  actinal  intermediate,  and  adambula- 
cral  plates.  No  specialized  fifpines;  the  furrow  spinelets  the  only  ones 
present. 

ATELOBUS  ANACANTHU8  FMiOT. 

Plate  78,  fig.  2;  plate  74,  fig.  8;  plate  85,  fig.  8;  plate  94,  figs.  8,  Sor-b. 
Atelorias  anacanthus  Fisheb,  1011,  p.  424. 

Diagnosis. — Bays  5.  11=205  mm.,  r=43  mm.,  11=4.76  r;  breadth 
of  ray  at  mid  interbrachium,  53  mm.,  at  middle  of  R,  14  mm.  Disk 
large,  thin,  with  wide  interbrachial  arcs.  Rays  very  long,  slender, 
thin,  with  an  angular  margin  formed  entirely  of  superomarginal 
plates.  No  specialized  spines:  all  plates  covered  with  hemispherical 
granules  overlaid  by  a  thin  membrane  which  partly  or  wholly  ob- 
scures them  and  fills  up  the  interstices,  but  which  leaves  the  outlines 
of  plates  distinct;  small  excavate  pedicellariae  with  two  jaws  slightly 
higher  than  wide,  and  usually  with  depressions  in  the  membrane 
into  which  they  fit  when  open,  are  present  on  plates  of  both  surfaces; 
adambulacral  plates  with  angular  furrow  margin  bearing  proximally 
10  to  12  and  distally  6  to  9  rather  short  stout  spinelets ;  no  subambu- 
lacral  spines,  but  numerous  immersed  granules. 

Description. — Abactinal  plates  numerous,  crowded,  very  slightly 
convex  or  flat,  hexagonal  on  papular  areas,  but  elsewhere  irregu- 
larly hexagonal,  pentagonal,  squarish,  or  roundish,  and  reaching  ter- 
minal plates.  They  are  not  at  all  tabulate  but  are  sunken  in  the 
abactinal  integument  nearly  flush  with  the  surface.  On  the  proximal 
part  of  the  radial  areas  a  carinal  series  and  about  two  parallel  series 
on  each  side  can  be  made  out,  but  elsewhere  the  plates  are  not  regu- 
larly arranged.  They  are  much  smaller  on  the  interradial  areas  and 
center  of  disk  than  on  the  radial  areas,  and  they  decrease  in  size 
distad,  only  a  single  series  reaching  the  terminal  plate.  On  the 
outer  part  of  the  ray  the  outlines  of  the  plates  are  very  indistinct. 
Papulae  5  to  8  about  each  plate,  and  inconspicuous,  extending  only 
about' a  fifth  the  length  of  ray  measured  from  the  interradius.  All 
plates  .covered  with  raither  small  hemispherical  granules,  overlaid  by 
soft  membrane,  a  rather  large  carinal  plate  having  30  to  40.  In 
addition  most  of  the  plates  bear  also  a  small  upright  pedicellaria 
with  tapering  spatulate  jaws,  often  narrow  distally,  and  a  little 
higher  than  the  width  of  the  base.  The  granules  are  quite  indistinct 
and  normally  are  entirely  covered  by  the  membrane.    On  some  of 


Digitized  by  VjOOQIC 


844  BUIXETIK  100,  XTKITED  STATES  NATIOKAL  MUSEUM. 

the  plates  of  the  papular  areas  the  granules  are  visible,  but  over  all 
the  interradial  areas  they  can  not  be  seen,  although  the  skin  is  pitted 
somewhat  over  the  interspaces  between  the  granules.  When  the 
membrane  is  partially  dried  the  granules  become  visible.  In  this 
soft  membrane  the  pedicellariae  have  depressions  for  the  op^ied 
jaws. 

When  the  abactinal  integument  is  cleared,  and  viewed  from  the 
coelomic  side  the  plates  are  seen  to  be  spaced.  In  form  they  are  not 
at  all  uniform,  varying  from  irregularly  roundish  to  lozenge  or 
ellipical,  and  the  inner  end  is  convex.  The  outer  end  flares,  being 
larger  than  the  inner,  and  of  the  various  forms  mentioned  above. 

Superomarginals,  about  80  to  a  ray,  are  dorsally  conspicuously 
wider  than  long,  and  form  a  beveled  margin,  sometimes  a  trifle 
arched,  to  the  abactinal  surface.  They  encroach  upon  the  actinal 
surface  about  one-half  as  far  as  upon  the  abactinal,  and  thus  form  the 
margin  of  ray.  The  convexity  of  the  lateral  angle  of  each  plate 
causes  the  margin  of  the  ray  to  appear  scalloped,  except  near  the  ex- 
tremity. The  plates  are  closely  covered  with  small  'granules,  similar 
to  those  of  the  abactinal  plates,  overlaid  by  soft  membrane,  so  that 
they  are  very  indistinct,  or  even  invisible.  On  the  proximal  half  of 
the  ray  the  dorsal  surface  of  the  superomarginals  bears  2,  or  rarely 
8,  small  pedicellariae,  similar  to  those  of  the  abactinal  plates,  while 
the  ventral  surface  bears  1 ;  the  dorsal  surface  of  the  plates  of  the 
distal  half  of  ray  bears  one  such  pedicellaria. 

Inf eromarginals  very  slightly  convex  proximally,  corresponding  to 
superomarginals,  but  along  the  middle  region  of  ray  not  exactly 
corresponding.  First  10  plates  slightly  wider  than  long,  gradually 
becoming  slightly  longer  than  wide  over  most  of  the  ray.  On  the 
outer  fourth  of  ray  the  inf  eromarginals  are  only  a  trifle  larger  than 
the  adambulacrals.  The  plates  are  entirely  confined  to  the  actinal 
surface  and  beyond  the  interbrachium  are  only  a  little  wider  than 
the  ventral  facet  of  the  superomarginals — ^that  part  which  extends 
laterally  beyond  the  ventral  series.  Over  a  little  more  than  the 
proximal  half  of  the  ray  the  plates  bear,  near  the  outer  margin,  a 
small  2- jawed  spatulate  pedicellaria,  and  rarely  a  second  elsewhere 
on  the  plate.  When  the  animal  is  viewed  from  the  oral  side  8  series 
of  plates  occupy  the  entire  width  of  the  surface  between  the  furrow 
and  ambitus,  on  the  outer  half  of  the  ray — the  adambulacral,  infero- 
marginal,  and  superomarginal  series,  the  first  and  last  of  about  the 
same  width,  the  inf  eromarginals  slightly  the  widest.  The  granules 
increase  slightly  in  size  from  the  outer  toward  the  inner  margin  and 
are  immersed  in  membrane,  with  often  the  tips  protruding. 

Actinal  interradial  areas  extensive  with  niunerous  irregular 
slightly  convex  plates,  without  regularity  of  arrangement,  and  ex- 
tending in  a  single  leries  nearly  half  the  length  of  ray,  a  second 
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series  reaching  a  little  over  a  fifth.  The  plates  are  closely  covered 
with  small  granules  immersed  in  membrane,  the  tips  of  the  granules 
often  protruding  slightly  from  the  membrane  or  visible  yet  covered 
by  membrane.  In  the  former  case  the  granules  appear  to  be  em- 
bedded in  a  matrix.  A  majority  of  the  plates  bear  1,  sometimes  2 
or  8,  small  spatulate  entrenched  pedicellariae. 

Adambulacral  plates  slightly  longer  than  wide,  with  an  angular 
furrow  margin,  tlie  2  facets  of  the  apophysis  being  somewhat  var- 
able  in  length,  but  the  distal  always  the  longer  and  slightly  concave 
as  in  Nymphaster.  Spinelets  proximally  10  to  12,  distally  6  to  9, 
rather  diort,  stout,  round  tipped  or  truncate,  in  a  crowded  series, 
the  longest  on  the  angle,  and  compressed  in  a  plane  transverse  to 
the  plate,  the  others  gradually  shortening  slightly  and  with  flat  side 
to  furrow.  Actinal  surface  of  plates  slightly  convex,  covered  with 
20  to  35  granules  immersed  in  membrane.  Near  or  at  the  inner 
adoral  comer  of  the  plate  there  is  usually  a  pediceUaria  with  2  to  4 
variable  granuliform  jaws.  There  is  no  enlarged  subambulacral 
spine  on  the  distal  plates.  On  the  outer  part  of  the  ray  the  apophyses 
of  opposite  plates  tend  to  meet  in  the  middle  of  the  furrow  and 
to  segregate  consecutive  pairs  of  tube  feet. 

Mouth  plates  very  slightly  convex,  coarsely  granulate,  the  granules 
being  conspicuous;  marginal  spinlets  16  to  19,  robust,  increasing  in 
size  toward  the  inner  angle,  where  the  spinelets  are  very  strongly 
compressed,  broad,  and  leaflike.  The  furrow  surface  of  each  plate 
has  a  shallow  vertical  depression  for  the  first  tube  feet.  « 

Madreporic  body  one-third  minor  radius  from  center;  ridges 
coarse,  radiating. 

AfuUonUcdl  notes. — Gonads  are  arranged  in  a  short  series  nearly 
parallel  with  the  radius  and  7  or  8  mm.  therefrouL  There  are  6  or  7 
closely  placed  tufts  in  the  series  examined,  and  it  extends  only  about 
10  mm.  The  coelomic  sacs  leave  a  slight  interradial  area  ventraUy 
and  adjacent  to  margin,  lined  with  very  fine  fibrous  tissue,  which 
more  or  less  occludes  the  cavity.  Tube  feet  with  conspicuous  sucking 
disks. 

ryy«.— Cat.  No.  28659,  U.S.N.M. 

Type-locality. — Station  5655^  Gulf  of  Boni,  Celebes,  608  fathoms, 
gray  mud,  fine  sand,  bottom  temperature  89.2^  F. ;  1  specimen. 

Distribution. — ^East  coast  of  Luzon,  and  the  Gulf  of  Boni,  Celebes, 
665  to  608  fathoms,  green  or  gray  mud. 

Specimens  eoMmimed. — ^In  addition  to  type,  a  badly  mutilated 
specimen  from  station  6460,  Lagonoy  Gulf,  east  coast  of  Luzon, 
565  fathoms,  green  mud. 

Remarks. — ^This  curious  species  is  notable  for  the  development  of 
the  superomarginal  plates  at  the  expense  of  the  inferomarginals. 
The  former  define  the  ambitus,  and  when  the  specimen  is  viewed  from 
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below  the  ventral  surface  of  the  superomarginals  forms  a  narrow 
border  outside  the  inferomarginals.  The  presence  of  a  more  or  less 
pulpy  membrane  covering  the  granular  investment  suggests  an  alli- 
ance of  this  form  with  Antheiwides.  An  important  difference  is  the 
fact  that  in  Anthenaidea  and  SteUaster  the  membrane  covers  the 
animal  without  reference  to  the  underlying  plates,  while  in  Atelorias 
each  plate  is  distinct,  the  membrane  not  overlying  the  sutures. 

Family  OREASTERIDAE  Fisher. 

Oreasteridae  Fishes,  1911(1,  p.  18  {^Pentaeeroiidae,  untenable). 

Genus  OREASTER  Miiller  and  Troschel. 

Orectster  MtJujES  and  Tbo8CHEL>  1842,  p.  44. 

PentaceroB   Schulze,   Betrachtung  der  verstelnerten   Seesterne  u.  ihrer 
Theile,  1760,  p.  50  (not  binomial).    Many  authors. 

KEY  TO  SPBGIBS  HEEBIN  EBCOBDBD. 

a*.  No  marginal  spines  or  tubercles ;  a  radial  series  of  very  large  acorn-shaped 
tubercles,  the  primary  radial  the  largest;  tubercles  with  flat,  polygonal, 
granules  larger  than  the  other  abactlnal  granules,  and  usually  with  a 
subglobose  or  conical,  bare,  knob  at  summit.  In  addition  to  radial 
tubercles,  others  are  sometimes  present  Interradlally nodosus,  p.  34ft 

« •  Prominent  distal  superomarginal  and  inferomarginal  spines,  and  usually  a 
few  small  inferomarginal  spines  in  interbrachia ;  abactlnal  spines  yeiT 
prominent,  conical,  heavy,  and  granular  (the  granules  not  larger  than 
others),  with  a  prominent  bare  conical  sharp  tip;  these  spines  are 
slenderer  and  higher  (as  a  rule)  than  those  of  noAosvs  and  occur  radially, 
inlerradially,  and  usually  within  apical  area alveolatuB,  p.  348. 

OREASTER  NODOSUS  (Unnaeiu). 

Plate  102,  fig.  2. 

Asterias  nodosa  Linnaeus,  Syst.  Nat,  ed.  1758,  p.  661. 

Greasier  nodosus  Bell,  1884,  p.  70.— Clark,  1908,  p.  280. 

Pentaceros  turritus  Perbieb,  1875,  p.  240  (which  see  for  earlier  synonymy. 

Figured  by  Gray,  1866,  pis.  9  and  10,  under  names  Pentaceros  modesius 

and  P.  franJcUnii), 

Notes  on  Philippine  specimens. — The  specimens  vary  considerably 
in  the  number  and  form  of  the  large  acorn-shaped  tubercles  of  the 
carinal  ridge,  as  already  recorded  by  Clark.^  In  most  cases  the 
tubercles  are  higher  than  the  breadth  at  base  and  are  capped  by  a 
blunt  or  pointed  tip  free  from  granules.  Seven  specimens  have  the 
tubercle  in  the  center  of  disk.  The  maximum  number  of  tubercles 
is  present  in  specimens  from  station  5254,  where  there  are  (50  in  a 
typical  specimen  and  69  in  another,  having  in  addition  to  the  above 
69  dorsal  tubercles  about  28  smaller  superomarginal  ones.  The 
tubercle  is  not  always  terminated  by  a  blunt  or  short  spine,  which 
is  lacking  in  most  of  the  Pangasinan  Island  examples.    In  these  the 

1  See  Clark,  1908,  p.  280,  for  yariatlons  of  specimens  from  New  Guinea. 
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tubercles  are  covered  with  granules,  which  are  variable  in  size,  some- 
times smaller  than  at  the  base,  sometimes  larger.  A  few  of  the 
tubercles  in  these  specimens  may  have  a  blunt  spine.  The  largest 
primary  radial  tubercles  may  terminate  in  2  or  3  points.  The  num- 
ber of  pedicellariae  is  very  variable.  They  may  be  very  numerous 
on  the  dorsal  surface  or  fairly  scarce.  Their  form  is  also  variable; 
usually  the  abactinal  pedicellariae  have  slender  upright  jaws,  con- 
siderably longer  than  wide.  But  in  examples  from  Burias  Island 
the  pedicellariae  are  few  and  low,  with  the  jaws  as  low  as  or  lower 
than  broad. 

The  furrow  spines  vary  from  6  to  8.  The  subambularcral  spines 
are  usually  3  in  number,  much  heavier  than  the  furrow  spines,  and 
groovecl  or  eroded  at  the  tip  (as  well  as  down  the  sides  in  many 
large  examples).  The  subambulacral  pedicellaria  is  adoral  to  the 
subambulacral  spines  and  between  them  and  the  adoral  furrow  spine. 
Sometimes  this  pedicellaria  is  as  long  as  the  median  furrow  spines, 
but  is  ordinarily  a  little  shorter. 

One  specimen  has  4  normal  rays  and  2  short  onea.  A  specimen 
from  Burias  Island  has  lost  all  the  abactinal  tubercles,  the  scars 
where  they  were  broken  off  or  torn  out  are  very  distinct.  Other 
specimens  have  lost  1  or  more  tubercles  by  accident,  the  wound  hav- 
ing healed. 

The  most  curious  variation  is  exhibited  by  a  specimen  from  station 
5254,  which  agrees  with  2  other  examples  from  that  station  in  all 
essential  respects  except  the  possession  of  from  1  to  4  superomarginal 
tubercles  on  each  side  of  the  rays  (28  in  all).  These  tubercles  are 
smaller  than  the  dorsal  ones.  It  is  possible  that  this  sj)ecimen  is  a 
hybrid  of  0.  nodosua  and  0,  alveolatus^  a  specimen  of  the  latter 
having  been  taken  in  the  same  haul.  The  dorsal  tubercles  are  quite 
typical  of  nodoaus  and  not  of  aheolatus. 

It  is  worthy  of  note  that  a  series  of  very  small  intermarginal 
plates  (4  to  6  to  each  interbrachium)  is  present,  but  completely  hid- 
den by  granules  (see  Pentaceropsis) . 

Distribution. — ^Region  of  the  Indian  Ocean,  East  India  Islands 
(north  to  Luzon),  thence  to  New  Caledonia,  in  the  Pacific. 

Specimens  examined. — ^Thirty-four,  from  the  following  localities : 

San  Pascual,  Burias  Island  (off  Luzon),  tide  pool  on  sand,  flat, 
6  specimens. 

Papatag  Island,  Tawi  Tawi  Group,  Sulu  Archipelago,  shore,  3 
specimens. 

Tataan  Pass,  Simaluc  Island,  Tawi  Tawi  Group,  shore,  1  specimen. 

Cagayan  de  Jolo,  1  specimen. 

Pangasinan  Island,  Jolo,  reef,  14  specimens. 

Pandanon  Island,  between  Cebu  and  Bohol,  coral  sand,  1  specimen. 

Reef  off  Cebu,  2  specimens. 
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Station  5264,  Gulf  of  Davao,  Mindanao,  21  fathoms,  sand,  coral,  8 
specimens. 
Philippine  Islands,  Dr.  E.  A.  Meams,  8  specimens. 

OBBASTBB  ALYBOLATUS  (Pwriw). 

Plate  101,  flg.  1. 

PetUaoeros  alveolatm  Pebbikb,  1875,  p.  243.— Kqbhleb,  1910a,  p.  05,  pi  10, 

flg.  1;  pL  14,  fig.  7. 
Orea$ter  alveolatm  Bbll,  18S4,  p.  7a 

Notes  on  Philippine  specimens. — ^In  2  specimens  (stations  5254 
ai^d  5141)  the  spines  are  absent  from  the  interradial  region  of  the 
dorsal  surface;  in  the  others  there  are  from  5  to  10  spines  in  each 
interbrachial  area,  in  addition  to  those  of  the  midradial  line  and 
apical  area.  The  spines  are  for  the  most  part  very  prominent, 
slenderer  than  die  tubercles  of  O.  nodosw^  and  upward  of  20  mm.  in 
length.  The  granules  are  absent,  as  a  rule,  from  the  tip,  which  is 
conical  and  sharp.  Those  covering  the  lower  part  of  the  spine  are 
a  little  larger  than  the  granules  covering  the  plates,  crowded;  flat, 
and  polygonal.  In  the  largest  example,  having  R=170  mm., 
3  of  the  5  primary  radial  spines  are  double,  and  there  are 
3  spines  within  the  apical  area.  In  all  the  specimens  the 
interbrachial  inferomarginal  spines  are  poorly  developed,  and  in 
an  example  from  station  5141  there  is  only  a  single  small  tubercle 
in  2  interradii,  but  2  to  4  prominent  inferomarginal  spines  at  the 
end  of  the  ray.  The  superomarginal  spines  are  usually  very  promi- 
nent, especially  in  a  specimen  from  station  5146,  where  there  are 
upward  of  14  on  either  side  of  each  ray,  most  of  them  ending  in  a 
bare,  conical  sharp  point.  In  2  interbrachia  there  is  a  single  supero- 
marginal spine.  This  specimen  has  3  to  5  interbrachial  infero- 
marginal small,  blunt,  tuberculate  spines.  The  trabeculae  separating 
the  papular  areas  are  well  marked,  except  sometimes  the  transverse 
ones  of  the  series  of  areas  just  above  the  superomarginals,  where  the 
areas  may  be  partly  confluent.  Along  either  side  of  the  ray,  which 
is  naturally  high,  are  8  well-marked  lines  of  papular  areas,  with  1  or 
2  additional  for  a  very  short  distance  at  the  base  of  ray.  The  upper- 
most series  may  be  subdivided  into  2  series  of  alternating  triangular 
areas,  while  the  areas  of  the  2  lower  series  are  rectangular,  elliptical, 
or  irriegular. 

In  addition  to  long,  low,  bivalved,  slit-like  pedicellariae  on  the 
trabeculae,  there  is  a  very  variable  number  of  small  upright  forceps 
pedicellariae  on  the  papidar  areas.  The  jaws  of  these  vary  in  height 
from  about  the  length  of  the  surrounding  granules  (Jolo)  which 
are  subconical  or  convex,  to  twice  the  length  (stations  5149,  5254)  or 
a  little  over. 
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A  specimen  from  station  5141  has  numerous  much  larger  pedicel- 
lariae  with  slender,  curved,  spatulate  jaws  about  4  times  as  high 
as  the  granules.  These  are  on  the  papular  areas  while  the  usual  slit- 
like form  occupies  the  trabecular 

The  adambulacral  armature  does  not  agree  with  the  description 
of  Perrier.  There  as  7  or  8  furrow  spines  (5  or  6  in  the  type),  but 
in  $^  specimen  fn»n  station  5254,  9  or  10.  Subambulacral  spines  2 
or  8,  heavy,  with  wrinkled  tips.  External  to  these  is  a  second  series 
of  2  or  8  shorter  spines,  or  rather  enlarged  granules,  likewise  with 
slightly  wrinkled  tips.  Perrier  speaks  of  but  1  series  of  subambu- 
lacral spines.  These  specimens  are  really  triplacanthid  according  to 
Bell's  classification.  The  granules  of  the  actinal  surface  are  very 
unequal  in  size,  some  of  them  being  fairly  tuberculate. 

A  young  example  with  B=23  mm.  has  developed  low  primary  ra- 
dial spines,  several  superomarginal  spines,  and  upward  of  5  supero- 
maiginal  spines  at  the  end  of  ray  only.  The  disk  is  low  and  the 
general  appearance  goniasterid.  A  slightly  larger  specimen  has 
developed  a  few  additional  lophial  spines.  Furrow  spines  5  or  6; 
usually  2  subambulacral  spines. 

Four  to  6  small  intermarginal  plates  are  present  in  each  inter- 
brachium.  The  largest  can  sometimes  be  detected,  but  the  smallest 
are  obscured  by  the  granules. 

Type-locality. — ^New  Caledonia. 

Distribution. — ^New  Caledonia  and  Philippine  Islands. 

Specimens  examined. — ^Nine: 

Jolo  Market,  Jolo;  1  specimen. 

Station  5186,  off  Jolo  Light,  Jolo,  22  fathoms,  sand,  shells;  1 
specimen. 

Station  5141,  off  Jolo  Light,  Jolo,  29  fathoms,  coral  sand;  1 
specimen. 

Station  5146,  off  Sulade  Island,  vicinity  of  Jolo,  24  fathoms,  coral 
sand,  shells;  1  specimen. 

Station  6149,  near  Sirun  Island,  vicinity  of  Siasi,  Sulu  Archi- 
pelago, 10  fathoms,  coral,  shells;  1  specimen. 

Station  5165,  near  Observation  Island,  Tawi  Tawi  Group,  Sulu 
Archipelago,  9  fathoms,  coral;  1  specimen  (young). 

Staticm  5258,  off  linao  Point,  Gulf  of  Davao,  Mindanao,  28 
fathoms  coral;  1  specimen  (young). 

Station  5254,  same  locality  and  depth;  1  specimen. 

Mansalay  Bay,  southeast  Mindoro,  5  to  10  fathoms,  1  young. 

Remarks. — ^This  species  seems  to  have  been  known  previously  only 
from  New  Caledonia,  where  it  has  a  near  relative,  O.  novae-odU' 
dofdae  (Eoehler).    It  is  nearest  O.  Unckiiy  to  which  none  of  the 
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Albatross  specimens  appear  to  be  referable.  It  is  especially  char- 
acterized by  the  very  prominent,  often  sharp  dorsal  spines,  together 
with  supero-  and  inferomarginal  spines. 

Genus  PENTACEROPSIS  Sladen. 

Pentacerop8i8  Sladbn,  1889,  p.  350.    Type,  P.  obtusata  l^Aaterias  obtu- 
sata  Bory  de  Saint  Vincent]. 

PENTACSBOPSIS  TYLODEBMA  Fisher. 

Plate  94,  figs.  8,  8a-6 ;  plate  97,  flg.  1 ;  plate  98,  flg.  2 ;  plate  100,  fig,  L 
Pentaceropsis  tylodermu  Fisher,  1913c,  p.  209. 

Diagnosis, — Differing  from  P.  ohtuscUa  in  having  one  series  of 
subambulacral  spines,  in  lacking  inferomarginal  tubercles,  except  on 
the  first  few  plates,  in  having  less  prominent  distal  superomarginals 
without  smooth  tubercles,  and  very  much  smaller  granules  among 
the  papulae  than  on  the  convex  plates.  11=94  mm.,  r=49  nun., 
R=1.9  r;  breadth  of  ray  at  base,  44  to  54  mm.  Disk  inflated,  rays 
convex,  much  lower  than  disk;  actinal  surface  subplane;  inter- 
brachial  arcs  well  rounded ;  rays  broad,  tapering  little  until  near  the 
end,  which  is  rounded. 

Description. — Abactinal  surface  of  disk  convex  or  inflated,  about 
half  as  high  as  width  of  ray  at  base.  No  true  spines  anywhere  ex- 
cept on  the  adambulacral  and  mouth  plates.  Abactinal  surface 
paved  with  plates  of  about  3  sizes,  but  only  2  of  these  are  evident 
externally,  because  the  small  ossicles  which  fill  in  the  spaces  between 
the  large  plates  are  covered  with  granules.  First  the  appearance  of 
the  abactinal  surface  before  the  removal  of  granules :  There  is  a  not 
very  regular  carinal  series  of  about  12  convex,  transversely  elliptical 
plates,  starting  with  the  primary  radial,  spaced  about  one-fourth  to 
one-half  their  longer  diameter,  which  varies  from  4  to  7  mm.  Be- 
tween this  and  the  superomarginal  series  are  3  others,  not  at  all 
regular,  spaced,  convex,  decreasing  in  size  toward  the  margin,  the 
adradial  plates  being  transversely  elliptical,  the  others  irregularly 
roundish.  Two  dorsolateral  series  reach  the  end  of  the  ray,  the 
third  extends  about  two-thirds  or  three-fourths  the  length  of  ray, 
while  in  the  interbrachial  arcs  are  2  additional  series,  the  plates 
being  rather  small  and  of  secondary  size.  These  primary  plates  are 
covered  with  close-set,  flat,  or  very  faintly  convex  polygonal  gran- 
ules, which  increase  very  rapidly  in  size  from  the  margin  toward 
the  center,  where  1  to  several  are  conspicuously  larger  than  the  rest 
and  slightly  more  convex.  The  plates  of  second  size  are  widely 
spaced,  unequal,  and,  except  near  the  ambitus,  are  cofispicuously 
smaller  than  the  primary  plates.  They  are  most  numerous  on  the 
disk  and  proximal  portion  of  ray,  rather  few  on  the  outer  part  of 
ray.    They  are  convex,  and  usually  bear  a  relatively  large  hemi- 


Digitized  by  VjOOQIC 


STAEFISHES  OP  THE  PHILIPPINE  BBAS.  351 

spherical  tubercle,  very  much  larger  than  the  granules  surround- 
ing it 

Between  the  primary  and  secondary  plates  the  integument  is 
thickly  beset  with  very  small,  unequal,  convex,  subcorneal,  or  even 
spinulif orm  granules,  largest  on  the  center  of  the  small  intercalary 
ossicles  and  smallest  on  the  margin  of  the  papular  pores.  Small 
pedicellariae  with  spatulate  jaws  slightly  higher  than  wide,  or  some- 
times wider  than  high  are  scattered  among  the  granules,  which  they 
exceed  little  or  not  at  all  in  size.  Papular  pores,  rather  evenly  dis- 
tributed, occupy  all  this  granular  area  among  the  primary  and  sec- 
ondary plates,  even  to  the  tip  of  ray,  and  likewise  between  angular 
dorsal  extensions  of  the  superomarginal  plates.  There  is  no  subdi- 
vision into  areas. 

If  a  portion  of  the  dorsal  surface  is  cleared  of  granules  the  primary 
plates  are  seen  to  have  a  scalloped  or  crenulate  margin  best  marked 
on  the  radial  series.  The  secondary  plates  also  usually  have  5  to  7 
short  lobes  or  indentations  on  the  margin.  The  intercalary  ossides 
are  of  various  sizes  and  forms,  often  elongate  and  do  not  extend  to 
the  coelomic  side  of  the  body  wall.  The  smaller  the  ossicle,  the  more 
superficial  it  is.  The  body  wall  is  very  thick  (6  or  6  mm.).  Only 
the  primary  and  secondary  plates  form  its  entire  thickness.  Viewed 
from  the  coelomic  side  the  plates  formVegular  series  in  quincunx. 
The  primary  plates  have,  on  either  side,  2  elliptical  slender  ossicles 
which  bind  each  to  2  plates  on  that  side.  The  plates  are  subequal 
and  transversely  elongate  as  viewed  from  the  inner  side,  but  the 
superficial  end  of  alternate  plates  (or  sometimes  2  together)  may  be 
of  only  secondary  size,  or  even  be  obscured  by  the  intercalary  gran- 
ules. Such  are  the  secondary  plates  which  form  longitudinal  series 
with  the  primary  plates.  The  secondary  plates,  which  are  between 
the  longitudinal  series,  abut  against  the  small  connecting  ossicles  of 
the  coelomic  side,  so  that  their  inner  ends  are  not  seen,  being  obscured 
or  covered  by  these  lateral  connecting  ossicles* 

The  arrangement  of  the  abactinal  plates  is  similar  to  that  in  the 
genus  Aaterodiscus^  and  unlike  that  of  Oreobster, 

Ambitus  bounded  by  superomarginals,  the  inferomarginals  being 
actinal.  Superomarginals  16  to  18,  wider  than  long,  convex,  unequal, 
and  triangular  in  general  form,  the  apex  dorsal.  The  largest  plates 
are  near  the  middle  of  ray,  whence  they  decrease  in  size  toward 
either  end  of  the  series.  The  largest  are  about  7  mm.  wide  by  4 
long,  and  are  covered  by  polygonal  granules  similar  to  those  of  the 
dorsal  primary  plates,  largest  in  center  and  decreasing  rapidly  in 
size  toward  the  periphery.  Between  the  dorsal  angular  ends  of  the 
superomarginals  are  numerous  papulae  forming  a  serrate  border  to 
the  abactinal  papular  area.    These  papulae  sometimes  extend  nearly 
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to  the  inf eromarginal  plates.  In  1  case  there  is  a  small  isolated 
intermarginal  papular  area  with  7  papulae. 

The  inf  eromarginal  plates  are  for  the  most  part  opposite  the  sa- 
peromarginal,  but  become  more  numerous  at  the  end  of  th§  ray,  there 
being  20  or  21.  They  are  wider  than  long  and  oval  in  form,  the 
narrower  end  toward  the  furrow.  The  plates  increase  rather  rap- 
idly in  size  up  to  the  middle  of  the  ray,  then  decrease  very  gradually 
to  near  the  end  of  ray,  then  rapidly.  They  are  very  slightly  convei, 
but  plane  in  the  midle  and  paved  with  dose-set  polygonal  granules, 
which  increase  in  size  toward  the  outer  margin,  without  attaining  the 
size  of  the  largest  superomarginal  granules,  except  on  the  first  3  or  4 
plates.  These  plates  are  smaller  than  the  others,  and  covered  by 
granules  which  look  as  if  they  had  flowed  onto  the  plates  from  the 
actinal  intermediate  area.  The  outer  end  of  some  of  the  plates 
bears  a  low  flattened  tubercle. 

The  small  intermarginal  plates  are  found  both  at  the  base  of  the 
ray  and  irregularly  near  the  tip.     The  proximal  ones,  numbering 

7  to  10  extend  one-third  to  one-half  the  length  of  ray;  the  outer 

8  or  4  of  these  are  isolated.  Then,  near  the  end  of  the  ray  are  2  to  4 
small  isolated  plates  at  the  comers  of  the  marginals.  On  one  ray 
the  series  extends  from  interradius  to  near  the  tip,  skipping  only  2 
marginals  twice.  There  art  about  18  plates  in  this  series,  some  very 
smalL  The  first  2  or  8  usually  have  a  central  flattened  tubercle,  in 
addition  to  polygonal,  more  or  less  elevated  granules;  the  others  are 
granular. 

Terminal  plate  small,  convex,  abactinal  in  position.  It  is  granu- 
lar and  shows  the  scar  of  a  small  terminal  tubercle. 

Actinal  intermediate  plates  in  series  from  adambulacrals  to  mar- 
gin, the  first  complete  series  leaving  the  fourth  adambulacral  and 
meeting  first  inferomarginal.  It  abuts  against  the  corresponding 
series  of  the  adjacent  ray  at  the  middle  of  r.  In  the  angular  area 
thus  inclosed,  are  less  regular,  more  convex  plates,  the  central  gran- 
ules very  prominent,  and  sometimes  tubercular.  The  other  plates 
are  slightly  convex,  and  covered  with  slightly  spaced  polygonal 
granules  (with  rounded  comers)  1  or  2  series  on  the  margin  of  the 
plates  being  considerably  smaller  than  the  rest.  The  plates  adja- 
cent to  adambulacrals  extend  nearly  to  tip  of  ray;  the  series  parallel 
to  this  is  very  irregular,  but  reaches  nearly  as  far,  its  plates  being 
separated  on  outer  part  of  ray  by  the  inner  end  of  the  inf  eromargi- 
nals.  Rather  small,  low,  beveled  pedicellariae  are  present  on  the 
plates  adjacent  to  adambulacrals. 

Adambulacral  armature  like  that  of  Oreaater.  Furrow  spines  8, 
the  2  central  about  as  long  as  the  slightly  curved  furrow  margin,  the 
others  rapidly  diminishing  in  size,  the  laterals  being  only  one-fourth 
or  one-fifth  the  length  of  the  mesial.    Subambulacral  spines  2  (less 
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often  3) ,  becoming  1  near  the  end  of  ray.  They  are  stout,  flat,  as  long 
or  longer  than  extreme  width  of  plate,  round  tipped  or  truncate,  fre- 
quently broader  at  tip  than  base,  and  smooth.  The  outer  edge  of 
plate  is  bordered  by  6  or  more  small  pinched  granules,  which  also 
extend  a  variable  distance  along  the  transverse  margins.  A  slender 
slightly  curved,  2-jawed,  upright  pedicellaria  stands  near  the  adoral, 
inner  comer  of  plate,  with  frequently  a  second  smaller  one  a  short 
distance  back  of  it,  or  sometimes  near  the  outer  adoral  comer. 

Mouth  plates  with  14  to  18  furrow  spines  the  adoral  4  heavy,  the 
rest  decreasing  very  rapidly,  the  aboral  being  short.  All  the  smaller 
spinelets  are  slender,  more  or  less  flattened,  and  bent  toward  the 
mouth  angle.  Subambulacral  spines  5,  the  2  series  uniting  at  the 
inner  end  and  forming  a  horseshoe-shaped  series  for  each  mouth 
angle.  Outer  end  of  mouth  plates  granular,  with  numerous  pedicel- 
lariae,  as  in  Oreaster, 

Madreporic  body  large,  roughly  4-sided  (unsymmetrical  lozenge 
shape) ,  flat,  with  numerous  fine  striae.  It  is  at  the  edge  of  the  apical 
area,  its  outer  end  a  little  less  than  \  v  from  center. 

The  color  in  alcohol  is  a  very  deep  brown,  almost  black;  the  speci- 
men was  bleached  for  photographing. 

Type.— Cfit.  No.  82682,  U.S.N.M. 

Type-locdlity. — ^Tictauan  Island,  east  of  Zamboanga,  Mindanao. 

DiatribtiUon. — ^Known  only  from  type-locality. 

Remarks. — Pentaoeropsis  tyloderma  differs  from  P.  obtuaata^  in 
having  only  1  series  of  usually  2  (1  to  3)  subambulacral  spines  (not 
2  series  of  3  to  4  each) ;  slightly  more  numerous  furrow  spinelets 
(8,  in  obtvsata  5  to  7) ;  in  having  larger  triangular  superomarginal 
plates,  without  special  tubercles  (small,  roundish,  and  with  tubercles 
in  obttuata).  In  ohtusata  the  abactinal  plates  which  are  convex  are 
more  numerous  and  closer  together,  and  the  medioradial  series  is  not 
so  clearly  distinguishable  as  in  tyloderma.  The  photographic  fig- 
ures will  give  a  better  idea  of  the  exact  appearance  of  the  creature. 

Nearly  a  year  after  the  original  description  of  P.  tyloderma  was 
published  I  saw  at  the  Museum  d'Historie  Naturelle  7  dried  speci- 
mens of  P.  ohtusata  from  Mindoro  (No.  247875).  While  I  was  not 
able  to  make  a  direct  comparison  with  tyloderma^  even  a  hasty  ex- 
amination showed  me  that  they  belonged  to  a  distinct  speciea  Per- 
rier's  notes  in  the  Bevision  (p.  250)  were  based  largely  upon  these 
specimens.  A  few  weeks  later  I  saw  2  specimens  of  Pentaceropsis 
at  the  British  Museum.  One,  from  Blanch  Bay,  New  Britain  (Willey 
collection)  is  almost  certainly  not  ohtusata;  neither  does  it  appear 
to  agree  well  with  tyloderma^  having  very  small  superomarginals, 
and  also  a  quite  different  f acies  from  the  Paris  specimens.   A  smaller 

«  DeMriptUm  by  If lUler  uid  TiMchel,  1842,  p.  60 ;  Penier,  1876,  p.  260. 
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example  (No.  399,  Cebu,  Challenger)  has  been  recorded  by  Sladen 
(1889,  p.  851).  This,  also,  agrees  very  poorly  with  the  Paris  sped- 
mens  which  may  be  regarded  as  typical,  but  as  I  was  unable  to  make 
notes  from  a  direct  comparison  of  specimens,  any  general  observatioDs 
would  be  uncalled  for. 

Unless  Pentacerofis  is  extraordinarily  variable  there  are  prob- 
ably at  least  2  forms  going  by  the  name  of  dbtuscUiO. 

Pentaceropsis  euphues  Sluiter  (1895,  p.  56)  is  a  small  species  (E. 
26  mm.)  with  marginal  and  abactinal  spines.  It  is  possibly  a  young 
specimen  and  not  a  Pentaoeropsis.  The  present  species  is  placed  in 
the  genus  Pentaceropsis  on  account  of  the  presence  of  a  conspicuous 
intermarginal  series  of  plates  and  the  externally  nonreticulate  dorsal 
skeleton.  The  first  character  is  of  doubtful  value.  Sladen  (1889, 
pp.  348  and  850)  gives  it  primary  importance,  but  intermarginal 
plates  of  quite  noticeable  size  are  present  in  large  examples  of 
Oreaster  Aawaiiensis  and  O.  occidentdUa  (Fisher,  1906,  p.  1073).  I 
find  small  intermarginal  plates  (4  to  6  in  each  interbrachium)  in 
even  mediiun-sized  examples  of  0.  nodoms^  completely  obscured  by 
the  granulation;  still  larger  ones  are  present  in  O.  cLheolcetua  and  0. 
mammillatus^  but  apparently  not  in  0.  reticulatus.  I  have  not  been 
able  to  examine  other  species,  but  I  have  no  doubt  that  the  character 
is  widespread  in  the  genus. 

Probably  the  most  importance  difference  between  Oreaster  and 
Pentaceropsis  is  the  structure  of  the  abactinal  skeleton,  which  exter- 
nally is  not  reticulate,  although  internally  the  short  connecting 
ossicles  between  the  longitudinal  rows  of  primary  plates  constitate 
the  beginnings  of  such  a  structure.  The  superficial  skeleton  is  com- 
posed of  very  numerous  small  ossicles  closely  packed  between  the 
conspicuous  primary  plates,  and  among  the  former  are  numerous 
papulae  not  set  off  into  separate  areas.  The  abactinal  skeleton  is 
quite  similar  to  that  of  Asterodiscus^  although  internally  the  skele- 
ton of  the  latter  is  obviously  reticulate,  having  rather  long  inter- 
mediate ossicles  arranged  stellately  between  the  primary  plates,  and 
forming  sunken  triangular  areas. 

Genus  ASTERODISCUS  Gray. 

Aaterodiacus  Geay,  1847a,  p.  176;  1847&,  p.  75;  1866,  p.  5.    Type,  A.  elegant 
Gray. 

KEY  TO  THE  KNOWN    SPECIES   OF  ASTERODISCUS. 

a.*  Abactinal  tubercles  conical,  more  or  less  acute  to  hemispherical,  or  truncate 
hemispherical;  R=less  than  1.8  r. 
b}  Only  the  primary  abactinal  tubercles  with  a  basal  circle  of  granules;  no 
small  granules  thickly  scattered  between  the  tubercles;  inferomarglnal 
plates  subequal  to  superomarglnals,  the  surface  with  several  large  gran- 
ules and  a  small  tubercle;  superomarglnals  abactinal  in  position,  coTered 
with  coarse  granules;  marginal  granules  of  actinal  intermediate  plates 
very  coarse;  four  or  five  furrow  spines elegans  Gray,  p.  355. 
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(.'  All  the  abacUnal  tubercles  with  a  basal  circle  of  granules ;  numerous 
small  granules  thickly  scattered  between  the  tubercles;  inferomarginal 
plates  conspicuously  smaller  than  superomarglnals,  the  entire  surface  oc- 
cupied by  a  conical  tubercle;  superomarginals  lateral  In  position,  most  of 
the  surface  bare;  marginal  granules  of  actinal  intermediate  plates  small; 

six  or  five  furrow  spines tuherculosus  Fisher. 

a.*  Abactinal  tubercles  obconlcal  to  obovate,  broader  at  summit  than  at  base» 
the  surface  convex  or  truncate ;  R=2  r. 

&/  Superomarginal  plates  distinguishable,  the  terminal  only  moderately 
large  (8  mm.  diam.) ;  Inferomarglnals  9  or  10;  abactinal  tubercles  fewer 
and  very  large  (6  to  7.5  mm.  dlam.)  ;  actinal  intermediate  tubercles  not 
large,  nor  spatulate  or  flattened,  near  furrows;  furrow  spines  four;  outer 
subambulacral  spine- not  flattened  nor  heavier  than  the  inner. 

truncatus  Ck)leman. 

&.'  Superomarginal  plates  not  distinguishable,  the  terminal  unusually  large 
(13  mm.  diam.) ;  inferomarglnals  about  18;  abactinal  tubercles,  especially 
the  secondaries  more  numerous,  and  all  smaller  (2.5  to  3  mm.  diam.  for 
largest) ;  actinal  intermediate  tubercles  larger  toward  furrow,  and  spatu- 
late or  flattened;  furrow  spines  three;  outer  subambulacral  isqpine  flat- 
tened and  heavier  than  inner heUmotua  Fisher,  p.  357. 

ASTEBODISCUS  ELEGANS  Gray. 

Plate  97,  flg.  2;  plate  101,  fig.  2. 

Asterodiscus  elegans  Gbat,  1847a,  p.  176;*1847&,  p.  75;  1866,  p.  5,  pi.  12, 
figs.  1  and  2. 

Notes  on  PMUppine  specimens. — The  specimens  are  referred  to  this 
species  with  considerable  hesitation,  because  there  is  no  adequate  de- 
scription of  Gray's  types,  and  his  figures  do  not  show  the  side  view 
of  the  ray  which  is  desirable  when  the  description  is  so  meagre.  The 
specimens  are  more  stellate  than  Gray's  figure ;  nearly  as  much  as  the 
type  of  A.  tuherculosics;  e.  g.,  R=36  mm.,  r=24:  mm.,  R=1.5  r.  There 
are  more  numerous  abactinal  tubercles  than  are  represented  in  Gray's 
figure,  and  these  are  of  a  low,  blunt,  conical  form,  not  truncate.  A 
fairly  regular  carinal  series  of  11  is  present;  and  alternating  with 
them  on  either  side  is  a  less  regular  adradial  series,  with  the  be- 
ginning of  a  second  series  near  the  center  of  disk.  These  primary 
tubercles  are  surrounded  at  the  base  by  a  ring  of  convex  granules, 
but  the  smaller  unequal  slightly  spaced  secondary  tubercules  which 
cover  the  rest  of  the  abactinal  surface  are  almost  always  without  the 
granules  at  the  base,  unless  the  tubercle  is  nearly  as  large  as  the  pri- 
mary ones.  Herein  lies  a  conspicuous  difference  between  this  species 
and  A.  tuberciUostis  Fisher.  In  the  latter  all  the  tubercles  are  sur- 
rounded by  bead-like  granules,  and  between  the  tubercles  are  many 
minute  granules  thickly  covering  the  whole  test.  These  are  absent 
in  this  specimen  of  elegans.  Nearly  all  the  larger  tubercles  have  at 
the  base  a  pedicellaria  with  2  slender  curved  jaws  nearly  as  long  as 
the  tubercle;  these  are  present  also  beside  many  of  the  smaller 
tubercles. 
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What  appear  to  be  the  superomarginal  plates  are  2  in  number 
(omitting  the  large  distal  plate)  and  are  relatively  widely  separated 
from  the  inferomarginals  (8  mm.),  being  actually  abactinal  in  posi- 
tion, and  the  outer  is  at  the  proximal  third  of  ray.  They  are  covered 
by  4  or  5  tubercles  (one  larger  than  the  rest)  and  a  circle  of  tumid 
granules. 

In  A.  tuberculosu8  the  8  superomarginals  are  relatively  less  spaced 
from  the  inferomarginals  and  have  a  conspicuous  bare  surface.  In 
elegcms  the  superomarginals  and  the  tubercular  intermarginal  plates 
may  bear  a  pedicellaria.  The  terminal  superomarginal  is  broadly 
oval,  less  convex,  and  larger  than  in  tuherculoms^  its  long  diam- 
eter being  6.6  mm.  or  about  one-fourth  the  length  of  ray  meas- 
ured on  side.  Inferomarginals  9,  decreasing  regularly  in  size,  cov- 
ered with  coarse  granules,  with  usually  a  tubercle  on  the  margin. 
The  proximal  4  or  5  are  separated  by  1  or  2  vertical  series  of  plates. 
They  are  about  equal  in  size  to  the  superomarginals,  whereas  in  A. 
tuberculosus  the  inferomarginals  are  conspicuously  the  smaller,  and 
moreover  bear  a  large  acorn-shaped  tubercle  occupying  all  or  nearly 
all  the  surface  of  plate. 

The  actinal  intermediate  plates  bear  6  to  10  very  coarse  unequal, 
convex  or  tubercular  granules,  1  of  which  is  enlarged  into  a  hemi- 
spherical or  low  acorn-shaped  tubercle,  1  or  2  of  the  granules  being 
only  slightly  smaller.  These  tubercles  are  most  prominent  on  the 
outer  half  of  ray,  and  near  the  mouth  plates,  being  smaller  inter- 
radially.  Many  of  the  plates  bear  a  curved  slender  2-]awed 
pedicellaria. 

Furrow  spines  4,  slightly  compressed,  round-tipped,  the  adoral 
slightly  shorter  than  the  other  3.  Subambulacral  spines  2,  heavy, 
round-tipped,  in  a  transverse  series,  the  outer  the  shorter.  The  mar- 
gin of  plate  is  provided  with  a  series  of  small  pinched  granules. 
Marginal  mouth  spines  8 ;  suboral  spines  usually  8  in  a  series  parallel 
to  furrow. 

The  differences  between  this  species  and  A.  tuberctdost^  may  be 
summed  up  as  follows:  tubereUlosue  differs  from  elegans  in  having 
numerous  small  granules  between  the  abactinal  tubercles,  and  sur- 
rounding not  only  the  primary  tubercles,  but  also  the  secondary; 
these  granules  are  smaller  and  more  beadlike;  the  superomarginal 
plates  are  conspicuously  larger  than  the  inferomarginal  (not  sub- 
equal),  are  lateral  in  position  (not  abactinal) ,  and  are  situated  nearer 
to  the  inferomarginals;  they  are  mostly  naked  and  surrounded  by 
a  series  of  beadlike  granules;  the  inferomarginals,  instead  of  being 
covered  by  numerous  coarse  granules  (as  in  elegans)^  are  provided 
with  an  acorn-shaped  tubercle  occupying  all  the  surface  of  the  plate; 
the  terminal  superomarginal  is  more  convex  and  smaller;  in  elegans 
the  actinal  intermediate  granules  or  tubercles  of  each  plate  are 
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nearer  of  a  size ;  that  is,  the  marginal  granules  are  very  coarse,  while 
in  tuberculoma  they  are  small.    The  adambulacral  formula  of  tuber- 

,        .    6  (or  5)       6  (or  5).  .      ,  •*  •    4  (or  5)      ,„,        , 

culosus IS  2.1,1  ^r  iTi  '  "^  elegans  it  is  .  ^  ^  The  adam- 
bulacral pedicellariae  found  by  Sladen  in  the  Challenger  specimen 
of  elegans  do  not  appear  to  be  present  in  the  Albatross  specimen. 

Type-locality, — Gray  states  that  the  locality  is  unknown,  but  Per- 
rier  (1875,  p.  256)  records  the  type  as  from  northeast  China. 

Distribution. — ^Philippine  Islands  and  northeast  China (?). 

Specimens  examined. — Station  6481,  3.8  miles  southeast  Cabugan 
Grande  Island,  Surigao  Strait,  east  of  Leyte,  61  fathoms,  sand, 
shells,  gravel ;  1  specimen. 

Station  5482,  4.5  miles  southeast  of  Cabugan  Grande  Island,  67 
fathoms,  broken  shells,  sand,  green  mud ;  1  specimen. 

ASTEBODISCUS  HELONOTUS-FldMr. 

Plate  05,  figs.  1,  la;  plate  96,  figs.  1,  2. 
Asterodisous  helonotus  Fishkb  1918o,  p.  210. 

Diagnosis. — Similar  in  shape  and  general  appearance  to  A.  trun- 
catus  Coleman,  but  differing  in  having  smaller  and  more  numerous 
abactinal  tubercles  (of  a  similar  form),  much  larger  terminal  supero- 
marginal  plate,  less  conspicuous  marginal  plates  (the  superomar- 
ginals  not  distinguishable) ;  more  numerous  inferomarginal  plates, 
9  underlying  the  terminal  superomarginal,  and  others  bearing  a 
large,  compressed,  fan-shaped  tubercle ;  flattened  or  spatulate  actinal 
intermediate  spines  near  furrow,  where  they  are  larger  than  near 
margin;  only  3  furrow  spines;  outer  subambulacral  spine  flattened, 
and  heavier  than  the  inner  (the  reverse  in  trmicatus) ;  inner  mouth 
spines  shorter  than  the  others.  K=98  mm.,  r=48  mm.,  K=2  r; 
breadth  of  ray  at  base,  about  53  mm.;  general  form  depressed, 
strongly  stellate. 

Description. — ^Abactinal  tubercles  similar  in  form  to  those  of  A. 
tnmcatuSj  but  much  smaller  and  much  more  numerous.  Larger 
tnbercles  not  arranged  in  evident  series,  in  form  resembling  inverted 
truncated  cones,  the  base  of  the  cone  being  convex,  and  the  truncated 
end  immersed  as  it  were  in  the  plate  and  surrounded  by  a  circle  of 
small  beadlike  granules.  Packed  closely  among  the  largest  tubercles 
are  more  numerous  smaller  ones  of  several  sizes,  more  numerous  than 
in  A.  truncatus.  These  are  clavate,  or  obovate,  more  or  less  irregu- 
lar in  form,  and  toward  the  margin  of  the  disk  a  certain  number  be- 
come slenderer,  and  take  on  a  more  cylindrical  form,  with  a  well- 
rounded  summit.  The  secondary  tubercles  are  all  considerably  higher 
than  thick  and  all  except  the  smallest  have  at  least  a  few  inconspicu- 
ous granules  around  the  base.    The  height  of  an  average  primary 
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tubercle  is  2  to  2.5  mm.  and  its  breadth  at  the  top  2.6  to  3  mm.  (in 
tnmcatua  similar  measurements  of  a  comparable  specimen  are  3.5 
to  4.5  and  6  to  7.5).  Between  the  tubercles  are  widely  spaced  small 
granules  similar  to  those  around  the  base  of  the  tubercles.  Numer- 
ous long,  very  slender,  2- jawed  pedicellariae  straight  or  curved  at 
the  end  stand  beside  many  of  the  tubercles.  Sometimes  the  tips  of 
the  jaws  are  widened  and  truncate.  Papulae  small  generally  dis- 
tributed. A  peculiarity  of  the  abactinal  and  to  a  less  extent  the 
actinal  tubercles  is  that  they  are  very  deciduous.  The  specimen 
appears  to  have  been  well  hardened,  however. 

The  marginal  plates  are  difficult  to  differentiate  from  the  others. 
Eighteen  inferomarginals  (of  which  9  underlie  the  large  terminal 
superomarginal)  can  be  distinguished,  although  the  3  or  4  widely 
spaced  proximals  are  just  like  the  abactinal  tubercles.  The  distal 
plates  are  closer  together  and  bear  each  a  compressed,  almost  fan- 
shaped  tubercle,  quite  different  from  the  rest.  This  becomes  sub- 
conical  on  the  distal  half  dozen  small  plates.  The  papulae  extend 
up  to  and  even  between  the  inferomarginals,  so  that  the  superomar- 
ginals  can  not  be  positively  identified.  The  terminal  superomar- 
ginal is  larger  than  in  any  other  species,  broadly  oval,  the  broad 
end  actinad,  and  is  bordered  by  a  single  row  of  beadlike,  elliptical, 
granules.  Although  the  surface  is  curved  it  is  not  tumid.  Major 
diameter  13  mm.,  minor  diameter,  10.5  to  11  mm.  (In  a  large  speci- 
men of  trwncatua  the  nearly  circular  terminal  superomarginal  is 
8  mm.  in  diameter.) 

Each  actinal  intermediate  plate  has  a  conspicuous  tubercle  accom- 
panied by  1  to  3  much  smaller  tubercular  spines  of  unequal  size,  and 
also  often  a  slender  2-jawed  pedicellaria  such  as  are  common  on  the 
abactinal  surface.  The  plates  are  surrounded  by  unequal  pinched 
or  prismatic  granules,  with  numerous  other  smaller  granules  in  the 
shallow  depressions  between  the  plates.  The  large  tubercles  are 
globose  or  obovate,  sometimes  slightly  compressed,  near  the  margin 
of  disk,  but  increase  in  length  and  become  decidedly  compressed  as 
the  furrow  is  approached.  Those  bordering  the  adambulacral  plates 
are  strongly  compressed  and  subspatulate,  with  a  truncate  or 
slightly  rounded,  beveled  distal  edge.  The  spines  of  the  next  series 
are  not  quite  so  long  or  so  compressed.  Usually  1  or  2  slenderer,  but 
conspicuous,  spines  accompany  each  of  the  large  spines,  while  on 
these  inner  plates  1  or  more  of  the  marginal  granules  may  be  consid- 
erably enlarged.  The  series  of  plates  adjacent  to  adambulacrals 
reaches  about  as  far  distally  as  the  middle  of  the  large  superomar- 
ginal. The  next  series  does  not  reach  the  inner  end  of  the  big 
plate.    In  all  there  are  about  7  chevrons  of  plates. 

Furrow  spines  3,  rarely  4,  subequal,  slender,  compressed,  tapering 
slightly,  round-tipped,  about  1.5  times  the  length  of  base  line  of  the 
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comb,  and  when  standing  upright  reaching  about  half  the  length  of 
the  inner  subambulacral  spine.  Subambulacal  spines  2  (3  on  first  2 
plates),  in  an  oblique  transverse  series,  the  outer  conspicuously  the 
larger  and  situated  adorad  of  the  inner.  The  outer  spine  is  flattened, 
untapered,  with  a  rounded  or  truncate  tip,  and  is  slenderer  than  the 
adjacent  spatulate  actinal  intermediate  spines.  The  inner  spine  is 
slenderer  and  slightly  flattened  in  a  plane  oblique  to  furrow.  Near 
the  end  of  ray  the  inner  spine  is  subspatulate  at  tip  and  a  little 
heavier  than  the  outer.  Adorad  of  the  inner  spine  is  usually  an  up- 
right pedicellaria  with  2  slender,  lanceolate,  or  narrowly  spatulate 
jaws  about  as  long  as  the  furrow  spines.  Margin  of  plate  bordered 
by  unequal  pinched  granules. 

Mouth  plates  narrow,  with  7  furrow  and  4  heavier  suboral  spines  in 
a  parallel  series.  The  innermost  mouth  spine  of  each  jaw  is  shorter 
than  the  next  spine.  The  angle  pair  of  spines  is  therefore  less  con- 
spicuous than  usual  in  this  family. 

Madreporic  body  convex,  with  fine  radiating  convoluted  striae, 
situated  about  two-fifths  r  from  center. 

The  dorsal  skeleton  from  the  coelomic  aspect  differs  from  that  of 
A.  truncatiis.  In  the  latter  the  large  primary  plates  are  connected  by 
2  slender  ossicles  end  to  end,  the  junction  resting  on  a  secondary  plate. 
There  are  6  of  these  double  ossicles  radiating  from  each  plate,  and 
the  triangular  meshes  of  the  skeleton  thus  formed  are  unusually 
large.  In  A.  helonotits  the  primary  plates,  with  some  exceptions,  are 
connected  by  a  single  ossicle,  longer,  however,  than  1  of  the  ossicles 
in  A.  truncatiis.  Six  of  these  radiate  from  each  primary  plate ;  the 
inclosed  triangular  meshes  are  smaller  than  in  A.  tnmcatits.  It  has 
already  been  pointed  out  that  the  primary  plates  are  more  numerous 
in  A.  Jielonotua.  * 

Type.— Cfkt.  No.  32633,  U.S.N.M. 

Type-localUy. — Station  5149,  off  Sirun  Island,  vicinity  of  Siasi, 
Sulu  Archipelago,  10  fathoms,  coral,  shells;  1  specimen. 

Distribution. — ^Known  only  from  type-locality. 

Remarks. — The  chief  points  of  difference  between  this  species  and 
A.  tnuncatus  have  been  alluded  to  in  the  diagnosis.  In  tnmcatus  the 
abactinal  tubercles  are  much  larger,  as  I  have  had  the  opportunity 
of  comparing  a  small  portion  of  the  abactinal  surface  of  A.  trwnoatus 
directly  with  that  of  A.  helonotus^  where  the  secondary  tubercles 
closely  fill  the  interspaces  between  the  primary  tubercles.  In  tnunr- 
catus  the  secondary  are  less  numerous  and  leave  wider  interspaces, 
an<i  are  actually  larger  than  the  primary  tubercles  of  helonotus.  The 
large  size  of  the  terminal  superomarginal,  as  well  as  the  small  size 
of  the  other  superomarginals,  appear  to  be  differences  of  importance. 
In  A.  truncatus  there  are  9  or  10  inferomarginals,  in  elegans  9,  in 
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tuheroulosiis  9  or  10,  but  in  helanotiLS  there  are  about  18,  the  distal  9 
underlying  the  large  superomarginal.  It  would  seem  that  the  number 
of  inferomarginals  is  a  fairly  conservative  character  and  that  the 
greatly  increased  number  in  helonotw  affords  a  distinguishing  fea- 
ture of  great  importance.  The  ray  grows  not  so  much  by  the  addition 
of  new  marginals  as  by  the  interpolation  of  additional  intermar- 
ginals  between  the  already  existing  inferomarginals.  In  this  species 
the  furrow  spines  reach  the  smallest  number  for  the  genus,  the  2  sub- 
ambulacral  spines  are  unusually  long,  and  the  inner,  not  the  outer, 
is  the  slenderer. 

A.  helonotus  differs  from  elegana  and  tuberculosua  in  respect  to 
the  form  of  the  abactinal  tubercles,  the  more  numerous  inferomar- 
ginals, larger  terminal  superomaginals,  indistinguishable  proximal 
superomarginals,  spatulate  and  spiniform  inner  actinal  intermediate 
tubercles,  fewer  furrow  spines,  longer  subambulacral  spines  (the 
inner  being  the  slenderer) ,  and  the  short  angle-spines  of  the  mouth 
plates.  The  inferomarginal  tubercles  of  A.  helonotus  are  of  a  com- 
pressed flaring  form,  somewhat  fan-shaped,  and  entirely  different 
from  the  conical  tubercles  of  tuberculostts  or  elegans. 

Genus  CULCITA  A^assiz. 

Culcita  Aqassiz,  M6m.   soc.   sci.  nat.   Neuchatel,  vol.  1,  p.   192.     Type, 
Aateriaa  discoidea  Lamarck=A«ferta«  schmideliana  Retz. 

CULCITA  NOVAE-GUINEAE  MflUer  and  TrotcheL 

Culcita  novae-guineae  MtJLLEE  and  Tboschel,  1842,  p.  38. 

Notes  on  PhUippine  specimens. — Of  the  4  specimens  from  station 
♦5136,  1  shows  considerable  leaning  toward  variety  plann.  These 
specimens  have  not  quite  such  prominent  spines  on  the  spaces  be- 
tween the  papular  areas  as  the  specimen  figured  by  Doderlein  (1896, 
pi.  19,  figs.  3,  3a),  and  the  ventral  side  more  nearly  agrees  with  his 
figure  la  (same  plate)  representing  variety  plana.  But  the  spaces 
between  the  papular  areas  are  very  narrow  and  the  short  pointed 
spines  are  more  numerous  than  in  the  specimens  of  plana  listed  be- 
low, and  more  numerous  than  in  Doderlein's  figures  of  plana.  Fur- 
row spines  6  or  7.    The  largest  specimen  has  E,  97  mm. 

Goto  has  recently  published  notes  and  figures  of  this  species  and  a 
review  of  the  literature,  as  well  as  a  very  useful  key  to  the  species 
and  varieties  of  the  genus.  (Goto,  1914,  pp.  515-604,  pi.  17,  figs. 
252-262.) 

Distribution, — Doderlein  gives  the  distribution  of  the  typical  form, 
Amboina  to  Samoa.  Goto  (1914,  p.  507)  records  it  from  the  Eyukyu 
Archipelago,  and  I  have  examined   a   specimen   from   Kagoshima, 
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Japan.  The  specimens  herewith  recorded  from  the  Philippine 
Islands  constitute  a  new  record. 

Specimens  excmdned. — Six: 

Station  6186,  oflp  Jolo  Light,  Jolo,  22  fathoms,  sand,  shells;  4  speci- 
mens. 

Tictauan  Island,  east  of  Zamboanga,  Mindanao;  1  specimen. 

Reef  opposite  Cebu,  Cebu ;  1  specimen. 

CULCrrA  NOVAB-GUINEAE*  Tottnc. 

Two  specimens  of  ^Goniodieous  sebae^'^  the  yoimg  of  Cutcita 
novae-guineae^  are  present  in  the  collection  from  the  following  locali- 
ties: 

Tataan,  Simaluc  Islands,  Tawi  Tawi  Group,  Sulu  Archipelago; 

1  specimen. 

Sablayan  Bay,  Mindoro,  1  specimen. 

CULCITA  NOTAE.GUINEAE  PLANA  Hartlavb. 

Culcita  plana  Haxtlaub,  1892,  pp.  74  and  84. 

Notes  on  Philippine  specimens. — ^In  respect  to  the  size  of  the  papu- 
lar areas  and  the  breadth  of  the  interpapular  spaces  some  of  these 
specimens  approach  very  closely  the  variety  arenosa  Perrier.  The 
ventral  surface  is  almost  exactly  like  that  figured  by  Doderlein  for 
plana  (1896,  pi.  19,  fig.  la).  A  peculiarity  of  these  specimens  is 
the  fact  that  the  spaces  between  the  papular  areas  are  almost  wholly 
without  spines,  but  are  covered  with  a  very  fine  uniform  granulation, 
among  which  are  minute  2-jawed  pedicellariae,  a  little  larger  to 
twice  as  large  as  the  granules.  In  the  roundish  papular  areas, 
which  frequently  touch,  are  unequally  spaced  rather  few  short  coni- 
cal spinelets,  surrounded  by  granules  slightly  larger  (or  at  least 
longer)  than  those  of  the  interpapular  areas.  On  the  margin,  which 
is  high,  there  are  usually  a  very  few  widely  spaced  short  conical 
spinelets  on  the  interpapular  spaces,  but  these  are  lacking  on  the 
dorsal  surface,  except  in  a  very  large  specimen  from  Cataingan  Bay, 
Masbate.  Here  the  spinelets  are  small  and  very  widely  spaced,  and 
absent  from  a  part  of  the  disk. 

Distribution. — Doderlein  gives  Sumatra  to  Samoa  as  the  distri- 
bution of  this  form;  Hartlaub  gives  Samoa,  Viti,  New  Guinea, 
Philippines,  Amboina,  and  Mauritius. 

Specimens  ewamdned. — ^Four: 

Station  5145,  off  Jolo  Light,  Jolo,  23  fathoms,  coral  sand,  shells ; 

2  specimens. 

Station  5160,  off  Tinakta  Island,  Tawi  Tawi  Group,  Sulu  Archi- 
pelago, 12  fathoms,  sand;  1  specimen. 
Cataingaif  Bay,  Masbate,  1  specimen  (B=180  mm.). 
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Genus  HALITYLE  Fisher. 

Halityle  Fisheb,  1913c,  p.  211.    Type,  Halityle  regularis  Fisher. 
Culcitaster  H.  L.  Clabk,  1915,  p.  144.    Type,  Culcitaster  anameitus  Clark. 

Diagnosis. — ^Differing  from  Culcita  in  having  the  marginal  plates 
visible  in  the  adult,  and  in  having  the  papulae  in  very  numerous, 
regularly  arranged  triangular  areas,  resembling  those  of  Oreaster^ 
usually  in  sixes  around  each  primary  plate;  in  having  regularly 
tessellated  actinal  intermediate  areas.  Form  pentagonal,  or  pentag- 
onal-stellate with  very  short  rays ;  no  spines  on  any  plates  except  the 
adambulacral  and  mouth  plates;  bivalved  and  spatula te  pedicel- 
lariae  present;  end  of  rays  permanently  recurved  so  that  the  ambu- 
lacral  furrow  becomes  dorsal  at  the  apex. 

Remarks. — ^The  type-species  is  of  large  size  and  has  retained  the 
phanerozoniate  character  of  young  Culcita.  This  feature  and  the 
regularly  arranged,  triangular  papular  areas  generally  in  sixes,  and 
the  very  conspicuously,  regularly  tessellated  actinal  surface  provide 
a  combination  of  characters  not  duplicated  in  either  Culcita  or 
Oreaater. 

I  think  there  is  little  doubt  that  Culcitaster  Clark  will  have  to  be 
merged  with  Halityle.  The  type  is  from  the  coast  of  West  Aus- 
tralia. It  has  short  rays  at  the  comers  of  the  swollen  dispropor- 
tionately large  disk.  The  regular  arrangement  of  the  abactinal  plates 
and  papular  areas,  and  the  tessellation  of  the  actinal  surface  are 
the  same  as  in  H.  regularis.  One  important  difference,  however,  is 
that  the  marginal  plates  are  concealed  except  on  the  terminal  third 
of  the  ray.  Whether  this  is  of  generic  value  can  not  now  be  deter- 
mined. 

I  agree  with  Doctor  Clark  that  it  is  diflBcult  to  understand  how  so 
large  and  conspicuous  a  form  should  have  so  long  remained  unde- 
scribed,  and  like  him  I  have  been  unable  to  find  anything  in  the 
literature  which  would  indicate  that  European  zoologists  had  ever 
seen  either  species. 

As  Doctor  Clark  states,  the  genus  appears  to  occupy  a  place  be- 
tween Oreaster  and  Culcita. 

The  names  Randasia  Gray,  Goniodiscus  Miiller  and  Troschel,  and 
Gomodiscides  Fisher  (for  Goniodiscus^  untenable),  do  not  enter  into 
competition  with  Halityle^  having  been  founded  upon  immature 
specimens  of  Culcita. 

HAUTYLE  REGULARIS  FIslier. 

Plate  94,  ^gs.  7,  7a ;  plate  95,  fig.  10 ;  plate  98,  fig.  1 ;  plate  99,  figs.  1.  2 ;  plate  100, 

figs.  1.  2. 

Halityle  reffularis  Fisheb,  1913o,  p.  211. 
Diagnosis. — ^Differing  from  the  species  of  Culcita  in  fiaving  well- 
defined  marginal  plates  in  the  fully  adult,  no  tubercles  or  spines  on 
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abactinal  or  actinal  plates,  and  in  having  more  numerous  abactinal 
plates,  forming  a  very  regular  triangular  reticulum,  between  which 
are  triangular  papular  areas  arranged  in  regular  series  parallel  to 
the  radial  series  of  plates,  and  much  more  numerous  than  in  C. 
ichmideliana  or  C,  novae-guineae^  or  their  varieties;  11=188  mm., 
r=95  mm.,  B=1.4  r;  form  massive,  pentagonal  with  slightly  arcuate 
sides  which  are  perpendicular  and  formed  by  the  marginal  plates 
and  about  1  series  of  adjacent  large  papular  areas  with  intervening 
perpendicular  trabeculae  (each  of  which  joins  the  upper  end  of  a 
superomarginal  plate) ;  abactinal  surface  more  or  less  swollen,  and 
marked  off  into  regular  triangular  papular  areas  by  narrow  trabecu- 
lae; whole  surface  finely  granular  with  minute  2- jawed  granuliform 
pedicellariae;  no  spines;  actinal  intermediate  plates  sharply  marked 
off  by  sutural  grooves  and  covered  with  a  close  mosaic  of  unequal, 
smooth,  very  compact  granules;  the  3  chevrons  nearest  furrow  with 
an  odd  interradial  plate,  the  others  without;  furrow  comb  compact, 
perpendicular,  with  8  to  11  slender  spines,  the  aboral  end  of  1  comb 
slightly  overlapping  the  adoral  end  of  the  next  younger  comb. 

Description. — No  spines  on  any  plates  except  the  adambulacral. 
Abactinal  surface,  which  is  variably  inflated,  marked  off  into  very 
regular  triangular  papular  areas,  grouped  in  hexagons,  the  center 
of  each  of  which  is  a  primary  plate,  the  diagonals  (separating  the 
6  triangles  of  each  hexagon)  being  the  slender  connecting  ossicles 
or  trabeculae.  The  primary  plates  are  arranged  in  quincunx  in  very 
regular  series  parallel  to  the  median  radial,  on  either  side  of  which 
3  series  can  be  plainly  seen  (especially  if  specimen  is  dry),  with  2 
more  in  the  angle  made  by  the  interradial  line  (which  is  marked  by 
a  definite  series  of  ossicles  and  connectives)  and  the  marginal  plates. 
These  last  2  rows  are  not  so  regular.  At  the  center  of  disk  the  pri- 
mary radial  and  basal  plates  mark  off  a  stellato-pentagonal  apical 
area,  within  which  is  a  cycle  or  pentagon  of  10  plates,  inclosing  an- 
other of  5  plates,  the  center  of  the  latter  being  occupied  by  the  cen- 
tral plate,  and  one  of  its  sides  by  the  anal  aperture.  These  plates  are 
all  connected  by  regular  trabeculae.  Between  each  row  of  primary 
plates  is  a  double  row  of  the  triangular  papular  areas  containing 
50  to  70  pores  (sometimes  less  in  small  areas).  The  areas  just  above 
the  superomarginal  plates  are  larger  than  the  rest,  containing  up- 
ward of  150  pores,  and  instead  of  being  triangular  are  roughly  loz- 
enge shape  or  (transversely)  elliptical.  The  trabeculae  are  covered 
with  very  small,  crowded,  polygonal,  unequal,  or  subequal  granules, 
slightly  convex  in  alcoholic  specimens,  strongly  convex  to  subconi- 
cal  when  dried.  On  the  papular  areas  the  granules  are  slenderer 
and  longer,  in  the  form  of  tapering  minute  spinelets  (when  speci- 
men is  dry).    In  alcoholic  specimens  they  appear  very  similar  to  the 
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interpapular  granules.  Several  very  small  2-jawed  slender  spatulate 
pedicellariae  as  long  as  to  twice  as  long  as  the  granules,  are  present 
in  each  papular  area.  In  alcoholic  specimens  they  are  very  incon- 
spicuous. 

The  abactinal  body- wall  is  about  6  mm.  thick  on  the  edge  of  the 
apical  area,  radially ;  in  (7.  novae-guineae  it  is  about  twice  that.  The 
primary  abactinal  plates  are  about  half  as  large  and  twice  as  nu- 
merous as  those  of  (7.  novae-guineae.  In  the  latter  there  are  6  or  7 
primary  plates  in  the  radial  series  between  middle  of  disk  and  end 
of  ray ;  in  Halityle  there  are  13  in  a  comparable  specimen.  As  se^ 
from  the  coelomic  side  the  primary  plates  are  slightly  wider  than 
long,  with  6  lobes,  the  longitudinally  directed  ones  being  well-de- 
veloped (poorly  developed  or  absent  in  specimen  of  novae-gvineae 
examined).  They  are  slightly  slenderer  than  the  lateral  lobes.  The 
connecting  ossicles  are  slender  and  strongly  overlap  the  lobes  of  the 
primary  plates,  being  dorsal  to  them.  As  viewed  from  above  in  a 
cleared  specimen  these  connecting  pieces  form  a  very  regular  tri- 
angular network.  Within  the  apical  area  certain  plates  have  7  or 
8  radiating  trabeculae.  Embedded  in  the  integument  of  the  papular 
areas  are  numerous  calcareous  granules,  many  of  which  have  a  cen- 
tral pit  for  a  pedicellaria. 

Marginal  plates  plainly  visible,  the  inferomarginals  the  larger, 
both  sets  defining  ambitus  and  perpendicular  in  orientation.  Supero- 
marginals,  slightly  to  not  at  all  convex,  roughly  triangular,  the  base 
against  the  upper  end  of  the  corresponding  inferomarginal,  and  the 
height  greater  than  the  length.  Between  the  tapering  sides  of  the 
superomarginals  are  the  large  papular  areas  above  mentioned. 
There  are  about  22  plates  to  a  side.  The  end  of  the  ray  or  rather 
comer  of  the  disk  is  turned  upward,  as  usual  in  Culcita^  and  the  last 
4  or  5  plates  are  all  diflFerently  formed ;  the  fifth  from  end  is  rather 
oblong  and  oriented  obliquely;  the  fourth  is  unequally  triangular;  the 
third  elliptical,  oriented  long  way  to  furrow  and  abruptly  smaller; 
the  second  irregularly  oblong;  while  the  first  plate  usually  forms  a 
yoke  over  the  abactinal  surface  just  behind  the  small  terminal  plate; 
sometimes  this  half  ring  is  split  into  2  plates.  The  normal  condition, 
which  is  certainly  exceptional  among  starfishes,  is  the  yoke  form,  the 
plate  being  common  to  2  superomarginal  series. 

Inferomarginals  are  more  nearly  rectangular,  but  the  lower  end  is 
rounded.  They  correspond  to  the  superomarginals  as  far  as  about  the 
sixth  plate  from  interradial  line,  beyond  which  they  are  more  nimier- 
ous,  there  being  40  to  the  side.  Those  corresponding  to  last  4  supero- 
marginals (11  or  12  in  number)  are  transversely  oblong  and  fairly 
regular,  decreasing  rapidly  in  size  to  the  end  of  ray.    Actinal  inter- 
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mediate  plates  impinge  upon  the  lateral  wall  of  disk  between  the 
lower  ends  of  the  proximal  inferomarginal  plates.  Marginal  plates 
covered  with  close,  fine,  unequal,  polygonal  granules,  the  supero- 
marginal  a  trifle  larger  than  the  abactinal,  these  increasing  in  size 
toward  the  middle  of  the  inferomarginals  where  the  granules  are 
conspicuously  larger,  irregularly  polygonal,  and  similar  to  those  of 
the  actinal  intermediate  plates.  Minute  2- jawed  pedicellariae,  as  a 
rule  smaller  than  the  granules,  are  scattered  over  the  inferomarginal 
plates  and  very  sparingly  on  the  superomarginals  (sometimes  none). 
The  surface  of  the  plates  is  smooth  in  alcoholic  specimens,  the  pedicel- 
lariae being  sunk  in  shallow  pits. 

Actinal  intermediate  plates,  very  clearly  outlined  by  furrows,  there 
being  3  regular  chevrons  of  oblong  plates  (long  axis  transverse)  with 
an  odd  plate  at  apex,  followed  by  about  6  less  regular  chevrons  of 
elongate  hexagonal  plates  without  an  unpaired  interradial  plate.  The 
distal  plates  of  each  series  are  less  regular  and  are  situated  on  the 
rounded  angle  between  ventral  and  lateral  surfaces.  The  plates  ad- 
jacent to  furrow  are  the  largest  and  generally  oblong,  although  the 
external  side  may  have  2  facets.  The  intermediate  plates  also  form 
fairly  regular  series  from  the  adambulacrals  to  the  margin.  The 
plates  are  covered  with  flat,  unequal,  irregularly  polygonal,  close- 
set  granules,  the  middle  of  the  plate  being  plane,  but  curving  down 
abruptly  at  the  margins,  to  the  conspicuous  sutural  furrows.  The 
plates  near  the  mouth  angle  are  surrounded  by  a  fold  of  the  integu- 
ment, as  if  by  a  frame,  on  which  the  granules  are  nearly  uniform  in 
size,  quadrate  and  not  so  closely  packed  as  on  the  plate  proper  where 
they  are  larger  and  very  unequal.  Two-jawed,  slightly  sunken, 
pedicellariae,  about  the  size  of  the  quadrate  granules,  are  plentiful 
around  the  edges  of  the  plates  near  the  furrow,  and  smaller  ones  on 
the  surface  of  the  other  plates,  especially  on  the  rounded  edge  of  the 
disk,  adjacent  to  the  inferomarginals.  There  are  no  signs  of 
tubercles,  the  granules  being  very  flat  and  smooth. 

Adambulacral  plates  with  a  compact  straight  perpendicular  fur- 
row comb  of  8  to  11  slender,  blunt  spines,  the  adoral  the  shorter,  and 
the  longest  slightly  aborad  of  the  middle  of  the  series,  whence  the 
spines  decrease  slightly  in  length  to  the  aboral  end  of  the  series. 
When  there  are  8  spines  they  are  of  nearly  equal  length,  and  the 
first  and  last  of  the  series  are  conspicuously  broader  than  the  others. 
The  longest  spines  are  slightly  longer  than  the  base  line  of  the  comb. 
Back  of  these  are  2  or  3  short  heavy  tubercular  spines  (near  tip  of 
ray  only  1)  with  rounded,  wrinkled  or  eroded  tips.  The  median  is 
usually  slightly  the  larger  when  there  are  3 ;  and  when  there  are  2 
they  are  subequal,  or  the  adoral  is  slightly  the  larger.     A  large 
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2-jawed  broadly  lanceolate  pedicellaria  often  stands  at  the  adorul 
end  of  the  subambulacral  series.  The  outer  margin  of  plate,  just 
back  of  the  subambulacral  series,  is  occupied  by  low  granules  with 
frequently  a  pedicellaria  composed  of  2  stout  subcorneal,  graniili- 
form  jaws. 

Mouth  spines  12  to  15,  the  inner  the  lieaviest,  the  outer  a  little 
larger  than  adjacent  adambulacral  spines;  suboral  spines  swollen 
and  wrinkled  at  tip,  4  or  5  to  each  plate,  in  a  series  parallel  to 
subambulacrals.  Back  of  these  1  to  5  enlarged  granules  may  be  pres- 
ent, representing  a  second  suboral  series.  The  outer  part  of  the 
plates  is  covered  with  mostly  irregular  4-sided  granules,  continu- 
ous with  those  of  adambulacrals,  and  also  those  forming  a  zone 
around  the  proximal  actinal  intermediate  plates.  Sutures  of  mouth 
plates  not  visible. 

Madreporic  body  ovate,  flat  or  slightly  concave,  with  numerous 
fine  radiating  striae,  situated  one- fourth  the  distance  from  center  to 
suture  between  superomarginal  and  inferomarginal  plates. 

Color  in  life,  maroon  red  on  ventral  surface;  darker  on  dorsal 
surface. 

Gonads  in  numerous  tufts  parallel  to  interradius;  the  hepatic 
coeca  are  relatively  small,  and  each  is  situated  close  to  the  inter- 
brachial  septum. 

Typ€.—C2it.  No.  32634,  U.S.N.M. 

Type-locality. — Station  5165,  6.4  miles  southeast  of  Observation 
Island,  Tawi  Tawi  Group,  Sulu  Archipelago,  9  fathoms,  coral;  2 
specimens. 

Distribution. — ^Known  only  from  the  type-locality. 

Specimens  examined. — ^Three;  besides  the  type,  one  without  lo- 
cality. 

Rerjfuxrks. — Halityle  regularis  will  not  be  readily  confused  with 
any  known  species  of  Culcita.  Doderlein  in  his  revision  of  Culcita 
(1896,  p.  315)  reduced  the  number  of  species  to  5,  namely  schmide- 
liana^  novae-guineaey  grex^  coriacea^  and  veneris.  The  last  two  may 
be  eliminated,  as  they  have  the  papulae  uniformly  distributed  over 
the  dorsal  surface.  The  first  3  species  have  small  spines  or  tubercles 
on  either  the  papular  areas,  or  interpapular  areas,  or  both.  All  the 
species  have  the  marginal  plates  obscured,  except  when  young.  In 
H.  regvlaris^  on  the  contrary,  the  marginal  plates  are  distinctly 
visible,  although  not  especially  conspicuous,  there  are  no  spines  or 
tubercles  on  the  abactinal,  marginal,  or  actinal  intermediate  plates, 
and  the  papulae  are  in  very  regularly  arranged  triangular  areas, 
resembling  those  of  Oreaster.  The  actinal  plates  are  conspicuously 
tessellated. 
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Geniu  CHORIASTER  Liitken. 

Chofiaster  LthrKEN,  Catalog  des  Museum  Oodeflroy,  1869,  No.  4,  p.  85. 
(Also  1871,  p.  243.) 

CHORIASTER  GRANULATU8  Ltttken. 

Choriaster  gran/ulatus  LtJxKBN,  Cat.  Mus.  Godeffroy,  No.  4,  p.  35,  1871, 
p.  243.— Goto,  1914,  p.  604,  pi.  17,  fig.  263;  pi.  18.  figs.  264-269. 

Specimen  exwmined. — Togian  Bay,  Togian  Island,  Gulf  of  Tomini, 
Celebes,  Dutch  East  Indies. 

Distribution. — Pelew  and  Fiji  Islands;  off  Zamboanga,  Mindanao; 
Celebes;  New  Zealand;  Okinawa  Island,  Japan  (Goto). 

Remarks. — ^This  specimen  constitutes  a  new  record  for  the  species. 
E=90  mm.,  r=35  to  37  mm.  Furrow  spines  7  or  8;  subambulcral 
spines  3  or  4,  rarely  5,  in  a  single  series,  followed  a  curved  series 
of  granules,  inclosing  sometimes  1  to  several  small  granules  and 
1  or  2  small  upright  2-jawed  pedicellariae.  A  large  2-jawed  lanceo- 
late pedicellaria  stands  at  the  inner  end  of  the  subambulacral  series. 

Goto  has  published  (1914)  a  description  of  this  species,  with  fig- 
ures, and  has  given  also  a  useful  reprint  of  the  literature  referring 
to  it. 

Family  LINCKIIDAE  Perrier.^ 
Genns  DISSOGENES  Fisher. 

Dissogenes  Fisheb,  1913c,  p.  212.    Type,  D.  styrada  Fisher. 

Diagnosis. — ^Disk  large,  slightly  inflated;  rays  moderately  long 
and  slender;  whole  body  covered  with  small  granules  obscuring  the 
outlines  of  all  plates  except  the  marginal,  which  are  confined  to 
side  wall  of  body,  and  are  unarmed  except  for  1  to  3  small  central 
spines  on  the  first  2  or  3  superomarginals;  abactinal  plates  of  2 
kinds,  irregular  mostly  convex  primary  plates  with  2  to  4  semicircu- 
lar excavations  in  margin  overlying  and  bound  together  by  secondary 
elliptical  or  oblong  connecting  ossicles,  all  very  irregular  in  arrange- 
ment; primary  plates  of  disk  with  small  rigid  central  upright  trun- 
cate spine;  actinal  intermediate  areas  with  about  4  chevrons  of  simi- 
lar longer  spines ;  actinal  intermediate  plates  extending  in  a  single 
series  nearly  to  end  of  ray,  and  a  second  series  two-thirds  the  length 
of  ray ;  adambulacral  armature  with  4  or  5,  sometimes  3,  prominent 
slender  furrow  spines  on  a  nearly  straight  furrow  margin;  subam- 
bulacral spines  2  on  disk,  1  on  rays,  a  little  longer  and  much  stouter 
than  furrow  spines.    Papulae  single,  irregular,  abactinal. 

*For  a  synopsis  of  genera  see  Fisher,  lOlld,  p.  241.  As  here  pointed  out,  Ophldlas- 
teridae  Is  the  oldest  name  for  the  family,  bnt  Perrler's  shorter  name  has  been  used  by 
everyone  since  1875,  Including  Verrill  untU  1914  (VerrlU,  1914a.  p.  808).  As  strict 
priority  is  not  Insisted  upon  in  family  names,  I  see  little  utility  in  changing  such  a  well- 
known  and  long-used  name. 


Digitized  by  VjOOQIC 


368  BULLETIN  100,  UNITED  STATES  NATIONAL  MUSEUM. 

DISSOGENES  8TTBACU  FldMr. 

Plate  102,  fig.  1;  plate  103,  fig.  1;  plate  131,  figs.  1,  la-l&. 
DU80ffene8  styracia  Fishes,  1913c,  p.  212. 

Diagnosis. — ^Disk  large,  somewhat  inflated;  rays  moderately  long, 
narrow,  tapering  at  first  rapidly  then  gradually  to  pointed  ex- 
tremity; interbrachial  arcs  wide,  rounded.  11=110  mm.,  r=28  mm., 
R=4  r ;  breadth  of  ray  at  base,  about  34  mm.  Marginal  plates  small 
confined  to  side  of  ray,  unarmed  except  for  a  small  central  spine  cm 
the  first  2  or  3.  Body  overlaid  by  a  close  granulation  obscuring  out- 
lines of  all  plates  except  marginals;  abactinal  plates  irregularly 
lobed,  irregular  in  arrangement  and  connected  irregularly  by  smaller 
secondary  plates;  primary  plates  of  disk  and  basal  part  of  ray  con- 
vex with  a  central  rigid,  short,  stout,  subtruncate  tubercular  spine; 
about  4  chevrons  of  similar  longer  spines  on  actinal  interradial  areas 
(not  reaching  margin) ;  furrow  spines  slender,  rather  long,  4  or  5 
proximally,  4  over  most  of  ray ;  subambulacral  spines  heavier,  sub- 
truncate,  2  on  disk  and  1  on  ray.  Papulae  single,  all  over  disk  and  far 
along  ray,  numerous  but  irregular  in  arrangement;  no  pedicellariae. 

Description. — ^Abactinal  plates  of  disk  convex,  the  convexity 
diminishing  on  the  ray,  the  distal  plates  being  nearly  flat 
The  plates  are  strongly  overlapping,  without  order  (even  the 
carinal  series  being  irregular)  and  are  covered  with  closely 
placed  small,  irregularly  polygonal  to  subcircular  granules  which 
obscure  completely  the  sutures.  Many  of  the  plates  of  disk 
and  proximal  fifth  of  ray  bear  a  central  robust  slightly  tapering 
round-tipped  tubercular  spine  1.5  mm.  long.  These  spines  arc  ar- 
ranged in  an  irregular  carinal  series  and  3  or  4  subparallel  series  on 
either  side.  On  some  of  the  spiniferous  plates  the  granules  de- 
crease slightly  in  size  near  the  base  of  the  spine,  while  on  the  edge 
of  the  spiniferous  area  a  few  plates  bear  low  thimble-form  tubercles. 
Near  the  end  of  ray  a  number  of  plates  have  a  small  central 
naked  area.  The  papulae  extend  to  within  about  25  mm.  of  the  end 
of  ray.  They  are  irregularly  distributed  and  on  the  outer  part  of 
ray  tend  to  form  lines  of  2  to  4,  outlining  the  larger  plates;  on  the 
disk  and  proximal  part  of  ray  they  are  single,  spaced,  and  surround 
the  large  and  small  plates  irregularly.  Some  or  all  of  the  granules 
immediately  bordering  papular  pores  are  smaller  than  the  others. 

The  abactinal  plates  when  denuded  of  granules  are  seen  to  be  of 
2  kinds.  Larger  irregular  plates  overlie  smaller  irregular  connecting 
plates.  The  2  kinds  intergrade  in  size.  The  former  are  slightly  to 
markedly  convex  and  have  2  to  5  semicircular  excavations  in  the 
margin  bordering  papular  apertures.  The  smaller  connecting  plates 
as  seen  from  the  coelomic  side  are  either  oblong,  irregularly  ellipti- 
cal, or  irregularly  triradiate  in  form.  The  latter  seem  to  devd(q) 
into  primary  plates. 


Digitized  by  VjOOQIC 


STABFISKES  OF  THE  PHILIPPINE  SEAS.  369 

Marginal  plates  forming  a  rounded  border  to  each  surface,  the 
sides  of  ray  being  perpendicular.  Marginal  plates  confined  nearly 
wholly  to  side  wall,  encroaching  very  little  upon  either  surface  ex- 
cept in  the  interbrachial  arc  where  the  superomarginals  form  a  nar- 
row border.  The  plates  of  the  2  series  are  nearly  opposite,  except 
near  tip  of  ray.  Superomarginals  41,  the  first  3  wider  than  long,  the 
others  a  little'  longer  than  wide,  the  adoral  transverse  margin  some- 
times slightly  curved  (convexity  adorad),  and  the  other  transverse 
margin  correspondingly  concave.  About  the  last  dozen  plates  have 
a  naked  central  area  which  increases  in  size  distad,  the  last  3  or  4 
plates  having  only  a  marginal  series  of  granules.  The  plates  other- 
wise are  covered  with  granules  similar  to  those  of  dorsal  sur- 
face, which  decrease  in  size  toward  the  center  of  plate;  largest 
granules  on  transverse  sutures.  The  first  2  or  3  plates  bear  1  to  3 
small  thimble-shaped  tubercles,  smaller  than  abactinal  spines.  The 
inferomarginals  are  similar  to  the  superomarginals,  but  are  a  little 
narrower,  the  last  17  or  18  having  a  central  naked  area.  The  inter- 
brachial inferomarginals  are  not  tuberculate  (only  1  plate  an  ex- 
ception in  type).  Terminal  plate  nearly  pear-shaped,  small  end 
distal,  and  with  a  small  terminal  cylindrical  spine. 

Actinal  intermediate  areas  rather  extensive  and  covered  with 
granules  slightly  coarser  than  those  of  abactinal  and  marginal  plates 
(except  marginal  granules  of  latter)  becoming  more  spaced  and 
slightly  higher  toward  the  furrow  and  mouth  angle,  where  the 
plates  bear  each  1  or  sometimes  2  terete,  slightly  tapering,  truncate, 
or  round-tipped  spines,  2  to  2.5  mm.  long.  There  are  45  to  55  spines 
in  each  actinal  interradial  area  and  those  adjacent  to  adambulacrals 
extend  about  one-third  the  length  of  furrow ;  the  spines  are  in  about 
4  chevrons,  and  the  outer  spine  on  the  interradial  line  is  about  two- 
thirds  r  from  center.  One  series  of  plates  reaches  to  within  10  infero- 
marginals of  tip  of  ray;  a  second  series  about  two-thirds  length 
of  ray ;  a  third  series  one-third ;  while  in  the  interbrachium  numer- 
ous additional  small  plates  are  w^edged  in  irregularly.  In  general  the 
outlines  of  the  plates  are  invisible. 

Furrow  narrow.  Adambulacral  plates  longer  than  wide,  with  a 
nearly  straight  furrow  margin  bearing  proximally  4  or  5,  but  over 
most  of  ray  4  (sometimes  3)  rather  long  (2.5  mm.)  sub  terete  or  very 
slightly  compressed,  truncate  spines,  the  adoral  slightly  shorter  as 
a  rule  than  the  other  8,  which  are  subequal.  On  the  first  7  to  12 
plates  are  2  slightly  longer  but  much  heavier,  truncate,  slightly  taper- 
ing  and  slightly  compressed  subambulacral  spines  in  a  longitudinal 
series  just  back  of  the  furrow  series.  The  adoral  is  usually  the 
smaller  after  the  first  few  plates,  which  may  have  a  third  much 
shorter  adoral  spinule.  The  other  plates  have  1  subambulacral  a  little 
larger  than  the  proximal.    A  few  plates  irregularly  near  end  of  ray 
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have  2  spines  in  a  transTerse  series.  The  first  plate  has  8  or  4  full- 
sized  spines.  The  surface  of  the  plate  external  to  the  subambuk- 
crals  is  covered  with  granules  uniform  with  those  of  the  adjacent 
actinal  intermediate  plates,  obscuring  completely  the  external  suture 
of  the  plates. 

Mouth  plates  small  with  a  straight  furrow  margin  bearing  10  fur- 
row spines.  Suboral  spines  4  to  6  in  about  2  series  parallel  to  fur- 
row.   Outer  part  of  plate  with  spaced  granules,  8  to  10  in  number. 

Madreporic  body  circular,  flattish,  medium-sized,  with  fijie  undu- 
lating, branched,  radiating  striae;  its  inner  edge  is  about  one-third  r 
from  center. 

Color  in  life,  abactinal  surface  scarlet,  tips  of  arms  pale  buff; 
spines  pale;  actinal  surface  pale  buff. 

No  superambulacral  plates;  ampullae  double;  tube  feet  with 
strong  sucking  disks. 

Type.— Cdit.  No.  32635,  U.S.N.M. 

Type-locaUty. — Station  5617,  off  Temate  Idand,  west  of  Gillolo 
Island,  Molucca  Islands,  181  fathoms,  bottom  not  recorded ;  1  speci- 
men. 

Distribution, — ^Known  only  from  type-locality. 

Remarks. — This  genus,  like  Narcissia  and  Ferdina^  might  reason- 
ably be  included  in  the  Goniasteridae.  It  is  placed  in  the  Linckiidae 
on  account  of  the  irregular  abactinal  skeleton,  small  marginals,  and 
the  close  granulation  which  covers  the  body  and  obscures  the  out- 
lines of  the  actinal  and  abactinal  plates,  and  on  account  of  the  gen- 
eral appearance. 

The  long,  slender,  furrow  spines  and  prominent  subambulacral 
spines  are  unlike  those  of  any  other  genus  of  Linckiidae,  while  the 
abactinal  and  actinal  intermediate  spines  are  exceptional,  and  with- 
out parallel  in  any  of  the  Linckiidae  having  a  large  disk. 

Metrodira^  which  I  have  placed  provisionally  in  a  special  family, 
has  a  smooth  skin,  much  smaller  disk,  and  an  altogether  different 
adambulacral  armature.  That  of  Dissogenes  is  essentially  goni- 
asterid. 

The  genus  is  not  closely  related  to  any  other,  and  the  fact  that  it 
shows  aflSnities  to  two  families  has  suggested  the  name,  which  sig- 
nifies a  two-fold  descent. 

Genius  FERDINA  Gray. 

Ferdina  Gray,  1840,  p.  282.    Type,  F.  flavescens  Gray. 

FERDINA  GLYPTODISCA  Fisher. 

Plate  56,  fig.  5 ;  plate  05,  figs.  4,  4a-& ;  plate  104,  fig.  2 ;  plate  106,  fig.  4. 
Ferdina  glyptodisca  Fisher,  1913c,  p.  218. 

Diagnosis. — ^Resembling  F.  offreti  Koehler;  differing  in  having 
all  the  prominent  abactinal  plates,  and  nil  the  marginal  plates  with 
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an  extensive,  central,  naked  area;  the  smaller  abactinal  plates  less 
distinct  and  not  at  all  convex;  granules  smallest  on  center  of  ob- 
scured plates,  largest  over  the  sutures  (reverse  in  offreti)  ;  abactinal 
area  narrower,  about  equal  to  extreme  width  of  first  superomarginal 
plate;  inner  series  of  small  actinal  intermediate  plates  lacking; 
adambulacral  spines  8  (2  in  offreti).  Rays  6;  R=85  mm.,  r=ll  mm., 
R=3.2  r.;  breath  of  ray  at  base,  13  mm.  Rays  and  disk  very  rigid; 
abactinal  surface  subplane,  actinal  surface  convex. 

Description. — Abactinal  plates  of  two  kinds:  Large,  subcircular, 
convex,  nimierously  lobed  and  centrally  bare  plates,  interspersed 
with  numerous  small,  flat,  irregular  plates  covered  with  a  fine  close 
granulation  obscuring  their  outlines.  The  granules  become  smaller 
toward  the  center  of  the  obscured  plates.  The  large  plates,  with 
conspicuous  bare  areas,  comprise  five  primary  interradials,  a  group 
of  3  or  4  at  the  base  of  the  ray  (including  the  primary  radial) 
and,  extending  along  the  ray,  a  series  of  groups,  rather  than 
a  series  of  plates.  Each  little  group  has  2  to  4  plates,  the  groups 
being  sometimes  isolated,  sometimes  connected  by  large  plates  so 
as  to  form  an  irregular  carinal  series.  The  distal  4  or  5  plates 
are  sometimes  separated  by  small  plates.  The  last  three  superomar- 
ginals  meet  medially.  The  width  of  the  abactinal  area  at  base  of  ray 
is  only  about  that  of  the  first  superomarginal  plate.  The  naked  areas 
on  the  plates  are  subcircular  to  broadly  elliptical,  quite  smooth, 
and  the  granules  decrease  slightly  in  size  toward  the  edge  of  this 
bare  area,  which  comprises  most  of  the  area  of  the  plate.  Papulae 
single,  and  varying  in  number  from  3  to  10  about  each  plate. 

Superomarginals  9,  prominent,  slightly  convex,  encroaching  widely 
upon  actinal  surface,  the  first,  eighth,  and  ninth  wider  than  long, 
the  others  longer  than  wide;  all  with  nearly  the  whole  surface 
bare,  and  with  the  margin  toward  the  abactinal  plates  strongly 
arched  and  (when  cleaned)  notched  by  papular  pores.  The  fine 
granulation  covering  the  margin  of  the  plates  is  continuous  and 
similar  to  that  of  the  abactinal  surface.  Terminal  plate  small,  sub- 
conical,  with  a  row  of  little  tubercles  along  either  side  of  the  -end  of 
the  furrow. 

Inferomarginals  much  smaller  than  superomarginals,  but  corre- 
sponding to  them.  The  first  is  wider  than  long,  the  rest  longer  than 
wide,  except  the  last  or  last  two,  which  are  subcircular  and  convex. 
The  third,  fourth,  and  fifth  are  the  longest  being  2  to  2J  times  as 
long  as  wide.  Each  plate  has  an  elliptical  central  naked  area.  This 
is  very  slightly  concave  on  the  first  5  plates,  but  there  appears  in 
the  middle  of  the  fifth  or  sixth  a  slight  pimplelike  eminence  which 
mcreases  in  size  toward  the  end  of  ray  and  on  the  last  8  or  4  plates 
bears  one  to  several  low  granules.    On  the  plate  where  the  eminence 


Digitized  by  VjOOQIC 


372  BULLETIN  100,  UNITED  STATES   NATIONAL  MUSEUM, 

first  appears  there  is  no  granule.  With  the  exception  of  the  last  3 
the  inf  eromarginals  are  not  at  all  tumid. 

Actinal  intermediate  plates  squarish,  slightly  tumid.  The  series 
adjacent  to  adambulacrals  extends  to  within  about  8  inf  eromarginals 
of  end  of  ray;  a  second  row  extends  to  the  beginning  of  the  sixth 
inf eromarginal ;  a  third  row  to  the  beginning  of  the  fourth  infero- 
marginal,  while  the  beginning  of  a  fourth  row  is  present  in  the  inter- 
brachial  arc.  The  plates  are  not  uniform  in  size  but  tend  to  become 
larger  and  convex  opposite  the  transverse  sutures  of  the  inferomar- 
ginal  series.  Granulation  uniform  with  that  of  abactinal  surface, 
largest  on  the  sutures  and  decreasing  in  size  toward  middle  of  plate. 
It  is  very  close  and  covers  the  adambulacral  plates  also,  rising  on  the 
outer  side  of  the  adambulacral  spines  nearly  to  their  tip. 

Adambulacral  plates  slightly  wider  than  long,  about  15  corre- 
sponding to  the  first  10  actinal  intermediate  plates  of  the  inner  series. 
Adambulacral  spinelets  truncate,  slightly  flattened,  in  a  single  series 
on  the  edge  of  the  furrow.  Each  plate  has  3,  or  near  the  end  of  ray, 
2  spines,  but  there  is  no  break  in  the  series.  Ambulacral  furrow 
closed. 

Madreporic  body  small,  elliptical,  resembling  in  miniature  half 
a  peach  stone. 

Color  in  alcohol,  light  brownish,  the  granules  encircling  the  bare 
areas  and  the  center  of  small  abactinal  plates  whitish,  elsewhere  dull 
orange,  especially  on  disk;  actinally  the  orange  hue  is  duller.  The 
naked  areas  are  light  yellowish  brown,  sometimes  with  a  dark  center. 

Type.— Csit  No.  32636,  U.S.N.M. 

Type-locality. — Station  5640,  Buton  Strait,  Celebes  (1  mile  west 
of  Labuan  Blanda  Island),  24  fathoms,  sand,  broken  shells;  1  speci- 
men. 

Distribution. — Eaiown  only  from  type-locality. 

Bemarks. — Although  this  species  resembles  F.  offreti  (Ceylon  and 
Andaman  Islands)  in  the  prominent  superomarginal  and  abactinal 
plates,  the  resemblance  is  general  only.  A  very  important  difference 
is  the  absence  in  glyptodiaca  of  a  series  of  small  actinal  intermediate 
plates  subequal  to  the  adambulacrals,  which  in  offreti  reach  the 
extremity  of  the  ray,  and  are  only  about  half  as  large  as  the  second 
series.  In  glyptodisca  all  the  prominent  abactinal  plates  and  all  the 
marginals  of  both  series  are  naked  centrally,  and  the  small  abactinal 
plates  are  much  less  tumid.  The  granules  of  the  central  part  of  the 
covered  plates  are  larger,  in  offreti^  than  those  near  the  margin,  while 
in  glyptodisca  the  reverse  is  the  case.  A  comparison  of  figures  will 
show  that  the  superomarginals  of  glyptodisca  are  much  larger  in 
proportion  to  the  width  of  ray,  and  the  abactinal  area  much  narrower 
than  in  offreti.  Finally,  offreti  has  2  adambulacral  spines  while 
glyptodisca  has  S. 
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Fromia  cancelUUa  Grube  (Fiji  Islands,  according  to  Sladen)  has 
i  very  characteristic  appearance.  The  rays  are  broader  than  in 
jlyptodisca  and  each  has  6  regular  spaced  transverse  series  of  cen- 
rally  bare  plates.  The  superomarginal  plates  are  alternately  large 
md  small,  the  latter  being  wholly  granulated,  the  former  only  about 
he  periphery.  The  larger  plates  correspond  to  the  interval  between 
he  transverse  series  of  tumid  plates. 

Frofnda  kuhUi  Miiller  and  Troschel  (Java)  is  insufficiently  de- 
cribed.  The  abactinal  plates  are  small,  and  irregular  as  to  form  and 
arrangement.  Among  them  are  larger,  more  convex  isolated  plates 
laked  centrally.  The  marginal  plates  are  large,  and  presumably 
^vered  with  granules.  The  relation  of  B  to  r  is  as  5  to  1,  hence  the 
ay  is  longer  than  in  glyptodiaca. 

Genus  FROMIA  Gray. 
Fromia  Gray,  1840,  p.  286.    Type,  F.  mUleporella  (Lamarck). 

KBT   TO  THE   8PBCIE8  OF  FROMIA   HBBBIN   DESCRIBED. 

\\  Superomarginal  plates  of  distal  half  of  ray  large  and  small  alternating; 
granules  surrounding  papular  pores,  larger  than  the  others. 

japonioa,  p.  873. 
(*.  Superomarginal  plates  not  large  and  small,  alternating. 
b\  Abactinal  plates  of  proximal  half  or  two-thirds  of  ray  in  regular  longi- 
tudinal series;  marginal  plates  very  regular,  most  of  them     longer 
than  wide ;  rays  slender ;  furrow  spines  2  or  8,  subambulacral  spines  2 ; 

actinal  pedicellariae euaticha,  p.  875. 

b\  Abactinal  plates  not  in  regular  series. 
o\  Most  of  the  marginal  plates  with  1  or  more  central  enlarged  tubercular 
granules ;  rays  slender,  about  3  times  as  long  as  width  at  base. 

hemiopla,  p.  877. 

o\  Marginal  plates  without  central  tubercles;  rays  usuaUy  about  2  to  2} 

times  as  long  as  width  at  base miUeporeUa,  p.  878. 

FROMU  JAPONICA  Pwrier. 

Plate  105,  fig.  4 ;  plate  106,  fig.  2 ;  plate  107,  figs.  1,  7. 
Fromia  japonioa  Pebbieb,  1881,  p.  14;  1884,  p.  227,  pi.  4,  fig.  2  (Japan).— 

Db  Lobiol,  1801,  p.  31  (New  Caledonia). 
Fromia  major  Eoehleb,  1805,  p.  330,  pi.  0,  figs.  3  and  4 ;  1010a,  p.  140 ;  lOlOd, 

p.  283,  pL  15,  fig.  7,  pi.  16,  figs.  6  and  7. 

Notes  on  PhUippme  specimens. — ^Through  the  kindness  of  Dr. 
H.  L.  Clark  I  have  been  able  to  examine  the  type  of  Perrier's  Fromia 
japonioa^  No.  743,  Museum  of  Comparative  Zoology,  and  have  com- 
pared it  directly  with  the  specimen  from  station  5159.  The  type  of 
Koehler's  Fromda  major  is  considerably  larger.  The  major  radius 
measures  55  nmi.,  while  that  of  the  type  of  japonica  is  32  mm.  I  do 
not  think  the  two  forms  are  specifically  distinct.  The  slight  differ- 
ences which  may  seem  apparent  from  a  comparison  of  the  figures 
and  descriptions  are  more  than  covered  by  the  variations  shown  by 
18434— BuU.  100—10 ^25 
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the  2  Philippine  examples.    Doctor  Koehler  does  not  compare  major 
with  japonica  in  the  references  given  above. 

The  example  from  station  5251  is  remarkable  for  having  numerous 
actinal  pedicellariae  (resembling  split  granules  with  from  2  to  4 
jaws)  from  8  to  6  times  the  diameter  of  the  actinal  granules.  These 
are  largest  and  most  numerous  in  the  actinal  interradial  areas  and  ex- 
tend about  half  the  length  of  the  ray,  bein?  found  on  the  actinal  inter- 
mediate plates,  with  a  very  few  also  on  the  proximal  inf eromarginals. 
There  are  2,  8,  or  4  furrow  spines  in  this  specimen  and  2  subambul- 
acral  spines  (often  3  proximally) .  When  there  are  8  the  middle  spine 
is  the  longest,  and  when  there  are  2  usually  the  aboral  is  the  longer. 
For  the  distance  of  about  6  inf  eromarginals  from  the  end  of  ray  only 
1  subambulacral  reaches  any  size.  The  outer  edge  of  the  plate  is 
occupied  by  1  (or  occasionally  2)  series  of  4  to  6  granules,  or  granules 
and  pedicellariae,  the  former  being  uniform  in  size  with  the  actinal 
granulation  (pi.  92,  fig.  2). 

In  the  specimen  from  station  5159  there  are  8  furrow  spines  at  the 
base  of  the  ray,  then  either  2  or  3,  and  finally  only  2  on  the  outer 
half  or  third  of  the  ray.  There  are  usually  2  subambulacral  spines, 
the  adoral  a  trifle  the  larger,  but  near  the  end  of  the  ray  frequently 
only  1  reaches  any  size.  External  to  the  subambulacral  spines,  which 
are  flattened,  slightly  tapering,  round- tipped,  and  a  trifle  shorter  and 
stouter  than  the  furrow  spines,  are  2,  3,  or  even  4  longitudinal  series 
of  granules  belonging  to  the  adambulacral  plates.  In  both  specimens 
the  mouth  spines  are  longer  than  the  corresponding  adambulacral 
spines,  and  instead  of  being  blunt  are  sharp.  The  granules  surround- 
ing the  papular  pores  are  only  a  trifle  larger  than  the  others. 

Frorma  monilis  Perrier  (1875,  p.  179)  has  never  been  figured,  and 
Doctor  Koehler  did  not  see  the  type  when  working  up  his  Indian 
material  (1910a,  p.  140).  No  one  has  compared  it,  therefore,  directly 
with  F,  major  or  F.  japonica.  It  apparently  has  alternating  large 
and  small  superomarginals  and  a  narrow  abactinal  area.  In  fact, 
the  description  fits  japonica  fairly  well  up  to  the  adambulacral  plates, 
which  have  2  furrow  spines  and  regularly  a  single  subambulacral, 
which  is  described  as  being  much  larger  than  the  furrow  spines, 
cylindrical,  and  terminated  by  an  obtuse  point.  These  spines,  isolated 
on  each  plate,  form  the  second  row.  On  the  distal  half  of  the  ray 
of  the  type  of  japonica  there  is  only  one  subambulacral  spine,  but  it 
is  shorter  and  thicker  than  the  furrow  spines. 

Fromia  japonica  differs  from  F.  rmlleporeUa  in  having  longer  and 
slenderer  rays,  regularly  alternating  large  and  small  superomarginal 
plates  (at  least  on  outer  part  of  ray),  and  slightly  larger  granules 
surrounding  the  papular  pores. 

Type. — ^No.  743,  Museum  of  Comparative  Zoology. 

Type-locality. — Japan. 
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Distribution. — Japan,  Mindanao,  Sulu  Archipelago,  Billiton,  Kei 
Islands,  to  20  fathoms.  Also  reported  by  Koehler  (1910a,  p.  140) 
from  Indian  region  ("  station  148, 15  to  30  fathoms,^'  no  locality). 

Specimens  examined. — ^Two: 

Station  5159,  off  Tinakta  Island,  Tawi  Tawi  Group,  Sulu  Archi- 
pelago, 10  fathoms,  coral  sand. 

Station  5251,  Gulf  of  Davao  (off  Linao  Point),  Mindanao,  28  fath- 
oms, coral. 

FBOMIA  EUSnCHA  Vlflkw. 

Plate  95,  fig.  2 ;  plate  105,  fig.  1 ;  plate  106»  fig.  1 ;  plate  107,  figs.  3,  5. 
Promia  eusticKa  Fishes,  1918c,  p.  213. 

Diagno&is. — Differing  from  typical  F.  mUleporeUa  in  having 
longer  slenderer  rays,  more  regularly  arranged  abactinal  plates,  only 
2  adambulacral  furrow  spines  on  distal  half  of  ray,  and  abundant 
actinal  pedicellariae.  R=41  mm.,  r=8.5  mm.,  R=4.8  r,  breadth  of 
ray  at  base,  9.5  mm.  Bays  slender,  evenly  tapering,  abactinally 
plane;  disk  slightly  convex;  marginal  plates  very  regular,  mostly 
longer  than  wide,  regularly  decreasing  in  size,  not  alternate  large  and 
small;  abactinal  plates,  roundish  or  hexagonal,  sometimes  with 
faint  indication  of  lobing,  arranged  in  quincunx  in  regular  longi- 
tudinal series;  actinal  plates  in  3  regular  series  at  base  of  ray; 
adambulacrals  with  proximally  3  rather  narrow  furrow  spines,  2 
distally;  2  subambulacral  spines  and  1  to  3  subambulacral  pedicel- 
lariae. 

Description. — Abactinal  plates  in  5  fairly  regular  longitudinal 
series  at  base  of  ray,  becoming  reduced  to  3  at  the  middle,  the  plates 
of  the  lateralmost  series  being  there  quite  small.  Three  series  per- 
sist to  near  the  tip,  the  last  2  or  3  superomarginals  being  separated 
by  only  a  single  series.  While  the  plates  form  fairly  regular  longi- 
tudinal series,  they  do  not  form  transverse  series  as  in  Nardoa  semd^ 
regularis,  but  are  arranged  in  quincunx.  Each  carinal  plate  borders 
on  6  other  plates — 2  plates  of  its  own  series  and  2  of  each  adradial. 
Sometimes  there  is  a  slight  break  in  the  regularity,  and  a  carinal 
plate  is  surrounded  by  5  or  7  abactinal  plates,  roundish  or  hexagonal. 
Papulae  single,  at  the  comers  of  the  plates.  The  plates  are  nearly 
flat  on  disk  and  proximal  half  of  ray,  but  become  slightly  convex 
on  outer  third.  Granules  of  abactinal  surface  polygonal,  close-set, 
fairly  uniform,  not  larger  in  center  of  plate,  about  8  or  10  in  the 
transverse  diameter  of  a  carinal  plate.  Granules  surrounding  papu- 
lar pores  unequal,  some  of  them  a  little  larger  than  the  granules  of 
plates. 

Superomarginal  plates,  18 ;  beyond  the  third,  longer  than  high,  but 
last  4  broader  than  high,  the  upper  margin  rounded  and  with  1  to  4 
shallow  notches  (opposite  papulae).  Superomarginals  encroaching 
conspicuously  upon  abactinal  surface.    Inferomarginals  20,  the  first 


Digitized  by  VjOOQIC 


376  BXJLLETIK  100,  UNITED  STATES  NATIONAL  MTXSEUllC. 

wider  than  long,  the  second  to  sixteenth  longer  than  wide,  thenoe 
wider  than  long.  Marginal  plates  slightly  convex,  the  last  4  to  6 
rather  conspicuously  so  and  the  granules  instead  of  being  flat-topped 
are  convex,  and  conspicuously  larger  on  the  middle  of  plate  than 
borders.  On  the  other  marginal  plates  the  1  to  8  marginal  series  of 
granules  are  slightly  smaller  than  the  rest  Proximally  a  few  inter- 
marginal  papulae. 

Actinal  intermediate  plates  very  regular,  forming  transverse  series 
as  well  as  longitudinal.  Series  adjacent  to  adambulacrals  rectangu- 
lar, wider  than  long,  and  reaching  to  within  3  or  4  marginal  plates 
of  tip  of  ray.  Secondaries  composed  of  square  plates  about  two- 
thirds  as  large  as  those  of  first  series  and  extending  three-fourths 
length  of  ray.  Third  series  reaching  one-fourth  length  of  ray,  com- 
posed of  about  6  or  7  plates.    Two  intermediate  plates  correspond  to 

1  inferomarginal.  Two  series  of  actinal  papular  pores.  Actinal 
granules  increasing  in  size  toward  furrow.  On  proximal  half  of 
ray  there  are  rather  abundant  granuliform,  2-  or  3-jawed  pedicd- 
lariae,  from  2  to  5  times  the  diameter  of  adjacent  granules,  and  up- 
ward of  10  to  a  plate  (inner  intermediate  series).  Figures  will  give 
a  better  idea  than  description  of  these  pedicellariae. 

Adambulocral  plates  a  little  wider  than  long.  Furrow  spines  8 
on  proximal  half  of  ray,  usually  2  on  distal  half,  rather  heavy,  blunt, 
the  median  of  3  untapered,  the  laterals  sometimes  slightly  tapered. 
Subambulacral  spines  2,  the  aboral  frequently  slightly  the  longer, 
both  shorter  and  heavier  than  the  furrow  spines.  Near  the  tip  of 
ray,  the  aboral  spine  only  reaches  any  size.  External  to  these  is  a 
series  of  3  or  4  large  granules,  then  usually  an  irregular  series  of 
several  small  granules.    In  the  first  series  there  are  frequently  1  or 

2  pedicellariae,  with  sometimes  a  third  external  to  these.  In  such  an 
event  each  jaw  of  a  pedicellaria,  in  a  way,  replaces  a  granule. 

Mouth  plates  with  an  unpaired  sharp,  slightly  curved  tooth  at  the 
inner  angle  (a  pair  on  1  plate)  and  4  or  5  similar  toothlike  spines 
along  the  straight  furrow  margin.  There  are  usually  2  similar  sub- 
oral  spines,  all  by  their  difference  of  form  contrasting  with  the  first 
adambulacral  spine. 

Madreporic  body  circular,  situated  its  own  diameter  distant  from 
inner  border  of  marginal  plates. 

Type.— Cat.  No.  32637,  U.S.N.M. 

Type'locality. — Station  5146,  vicinity  of  Siasi,  Tapul  Group,  Sulu 
Archipelago,  24  fathoms,  coral  sand,  shells;  1  specimen. 

Distribution. — ^Known  only  from  type-locality. 

Remarks. — The  exact  status  of  this  form  is  difficult  to  determine, 
owing  to  there  being  but  one  specimen.  It  differs  from  F.  japonica 
and  F.  momUa  in  having  regular,  uniform  superomarginals,  not 
alternately  large  and  small  ones.    F.  momUs  has  but  1  subambula- 
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cral  spine,  longer  than  the  2  furrow  spines.  F.  balansae  is  a  thickset 
form  vdth  less  regular,  more  tumid  abactinal  plates,  which,  judging 
from  Perrier's  description  (1875,  p.  178)  and  Koehler's  figures  (1910^, 
pL  18,  figs.  7  and  8)  does  not  differ  very  markedly  from  variations  of 
F.  ndUepareUa.  F.  eusticha  differs  from  F.  andamanensis  in  having 
slenderer  rays,  regularly  arranged  abactinal  plates,  large  marginal 
plates,  and  a  different  adambulacral  armature. 

I  might  add  that  the  presence  of  pedicellariae  forms  a  distinguish- 
ing  characteristic  if  I  were  certain  that  these  are  constant.  A  speci- 
men of  F.  japonioa  herewith  recorded  is  supplied  with  similar  pedi- 
cellariae. 

FROAfIA  HEMIOFLA  Flah«r. 

Plate  85,  fig.  8 ;  plate  105,  fig.  2 ;  plate  106,  fig.  8 ;  plate  107,  figs.  2,  4. 
Fromia  hemiopla  Fishes,  1913c,  p.  214. 

Diagnosis. — ^Differing  from  F.  armata  Koehler  (Andaman  Is- 
lands) in  the  absence  of  abactinal  conical  tubercles,  and  the  slighter 
development  of  the  marginal  tubercles;  differing  from  F.  miller 
poreHa  in  having  1  or  more  tubercular  granules  in  the  center  of 
the  marginal  plates  of  the  distal  three-fourths  or  half  of  ray,  in 
having  slenderer  rays,  and  broad,  but  thin,  spatulate  furrow  spines. 
R=86  mm.,  r=9  mm.,  K=4  r ;  breadth  of  ray  at  base,  10  mm. 

Description. — ^Abactinal  plates  irregular  as  to  form  and  arrange- 
ment, convex,  the  granules  small,  not  crowded,  even  a  trifle  spaced 
and  usuaUy  very  slightly  larger  on  middle  than  periphery  of  plate. 
Granules  surrounding  pores  not  larger  than  others. 

Marginal  plates  convex,  the  granules  increasing  in  size  toward  the 
center,  where  the  plates  of  at  least  the  distal  half  of  ray  bear  1,  2, 
or  even  more  enlarged  tubercular  granules,  there  being  as  high  as 
5  to  10  on  the  distal  marginals  of  the  type.  The  first  half  dozen 
plates  usually  lack  a  tubercle,  and  the  tubercles  become  a  trifle  more 
prominent  as  the  end  of  the  ray  is  approached.  Superomarginab  19 
or  20;  inferomarginals  about  28  or  24.  Here  and  there  in  the  supero- 
marginal  series  a  small  plate  is  wedged  between  2  large  ones,  but 
there  is  no  regularity  of  occurrence;  the  small  plates  may  be  entirely 
absent.   A  series  of  rather  prominent  intermarginal  pores  is  present. 

One  series  of  slightly  tumid  actinal  intermediate  plates  extends 
three-fourths  the  lengtli  of  ray;  another  series  about  half,  and  a 
third  series,  at  the  base  of  ray,  comprises  a  few  plates  only.  Proxi- 
mally  2  series  of  pores,  becoming  1,  which  extends  as  far  as  the  inner 
actinal  intermediate  series  of  plates.  Granules  of  actinal  interme- 
diate plates  becoming  slightly  larger  toward  the  center  of  plate 
where,  distally,  they  are  sometimes  subtuberculate. 

Adambulacral  plates  with  proximally  8  or  4,  or  near  the  end  of 
the  ray  2,  broad,  flat,  subtruncate  (spatulate)  furrow  spines,  the  end 
of  the  series  with  a  curved  contour  and  part  or  all  of  the  aboral 
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spine  usually  underlying  the  adoral  spine  of  the  succeeding  plate. 
Subambulacral  spines  2,  sometimes  3,  considerably  shorter,  round- 
tipped,  heavier  but  not  broader  than  the  furrow  spines  (thicker  in  a 
transverse  direction),  and  forming  a  straight  series.  External  to 
these  are  2  or  3  granules  larger  than  the  succeeding.  Part  or  all  of  a 
second  series  of  smaller  granules  belongs  to  the  adambulacral  plates. 

Mouth  plates  small  with  4  or  5  acute  marginal  spines  and  2  to  4 
similar  suboral  spines.  These  are  slightly  longer  than  the  corre- 
sponding adambulacral  spines. 

Madreporic  body,  subcircular  or  elliptical,  slightly  variable  in  size, 
situated  a  little  less  than  its  own  diameter  from  inner  edge  of  mar- 
ginal platan 

rype.--Cat.  No.  32688,  U.S.N.M. 

Type-locaUty. — ^TonquU  Island,  Oumila  Beef,  south  of  Zamboanga, 
Mindanao. 

Distribution. — Sulu  Archipelago,  Mindanao  and  eastern  Palawan, 
reefs. 

Specimens  examined. — ^Three;  besides  the  type  1  from  each  of  the 
f  oUowing  localities :  Tataan  Pass,  Simaluc  Island,  Tawi  Tawi  Group, 
Sulu  Archipelago,  coral  reef. 

Port  Langcan,  Dumaran  Island,  eastern  Palawan,  coral. 

Remarks. — ^This  form  may  turn  out  to  be  a  variety  of  F.  mSO^- 
poreUa^  although  it  shows  decided  similarities  to  F.  arrnata  Koehler, 
and  F.  hdLwnsae  Perrier.  It  differs  from  the  latter  in  having  nar- 
rower rays,  tuberculate  marginals,  and  spatulate  furrow  spines.  The 
width  of  the  rays  may  be  well  within  the  possibilities  of  F.  miU^' 
poreUa  but  they  are  longer  than  specimens  from  Samoa. 

FBOMU  MUXEPORELLA  (Lunarck). 

Asterias  miUeporeUa  Lamabck,  1816,  vol.  3,  p.  258,  No.  85. 
Fromia  milleporella  Gbat,  1S40,  p.  286. 
Distribution. — Red  Sea,  Mauritius,  Madagascar,  Ceylon,  to  Samoa 
and  Fiji  Islands,  via  the  Moluccas  and  southern  Philippines;  New 
Caledonia;  also  Eyukyu  (Liu  Kiu)  Islands,  Japan. 
Specimen  examined. — One  from  Babuan  Island,  Jolo,  coral  reef. 
Rem/vrks. — ^This  specimen  is  small  and  imperfect.    It   does   not 
show  the  characteristics  of  hemiopla. 

Genus  NARDOA  Gray.' 

Nardoa  Gray,  1840,  p.  286.    Type,  N.  variolata  (Lamarck). 

This  old  and  well-lniown  genus  is  greatly  in  need  of  a  thorough  re- 
vision. A  number  of  species  have  not  been  figured.  Koehler  has 
rendered  a  great  service  by  his  descriptions  and  photographs  of  sev- 
eral East  Indian  forms  (1910a). 

During  a  brief  visit  to  London  in  1914  I  had  the  opportunity  of 
examining  the  specimens  of  Nardoa  in  the  British  Museum.      I  was 

^Melia  Glstel,  Naturgeschlchte  des  Thlerrelchs,  1848,  p.  176.  Type,  Melia  v^riolatQ 
(Lamarck). 
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able  to  compare  several  species,  including  the  types  of  Perrier's  N. 
gamaphia  and  N.  obtuaa.  The  latter  is  small  and,  I  think,  immature. 
It  seems  to  be  scarcely  comparable  with  large  specimens  of  other 
species.  Perrier  compares  it  with  variolata^  but  I  could  not  see  a 
close  resemblance.  Its  relationship  is  with  the  strongly  tuberculate 
forms,  such  as  frianti  and  tumuloaa.  Perrier  has  also  compared  his 
gomopMa  with  aegyptiaca^  a  comparison  which  threw  me  entirely 
*'  off  tiie  track  "  until  I  saw  the  type.  It  does  not  resemble  aegyptiaca 
at  all  but  closely  resembles  novae'Caledoniae^  judging  by  the  speci- 
mens of  the  latter  in  the  British  Museum,  which  Perrier  himself  men- 
tions (1875,  p.  164)  and  presumably  identified. 

Dr.  H.  L.  Clark  kindly  loaned  me  a  number  of  specimens  which 
he  collected  at  Mer  (or  Murray)  Island,  Torres  Strait.  These  have 
been  most  valuable,  and  three  are  figured  on  plate  108  together  with 
a  specimen  of  variolaia  (No.  838,  Museum  of  Comparative  Zoology) 
from  Mauritius.  I  am  not  at  all  certain  of  the  identification  of  the 
specimen  figured  on  plate  108,  figure  2,  which  I  have  called  novae- 
caledoniae.  Without  a  photograph  of  the  type,  or  an  authentic  speci- 
men for  comparison,  any  identification  of  this  species  must  be  re- 
garded as  tentative. 

The  few  notes  I  was  able  to  make  in  London  are  included  in  the 
following  synopsis,  which  is  in  no  sense  intended  as  a  revision  of 
the  forms  studied,  since  much  time  and  material  will  be  required 
for  that.  I  have  suggested  that  N.  fmschi  is  synonymous  with  N. 
pamciforis.  N.  ohtusa  is  not  included  in  the  key,  since  it  is  too  young 
to  be  comparable  with  adult  examples  of  even  its  nearest  relatives. 
Only  such  species  as  I  have  seen  are  in  the  synopsis. 

SYNOPSIS  OF  SOm  INDO-PACIFIC   SPBCIBS  OF  NABDOA. 

«\  Abactlnal  plates  very  slightly  convex  to  markedly  convex,  but  not  high 
enough  to  be  considered  hemispherical  or  tuberculate. 
h  \  Abactlnal  plates  forming  very  regular  longitudinal  and  transverse  series ; 

furrow  spines  6  or  7 semiregularis,  p.  388. 

h\  Abactlnal  plates  not  regularly  arranged  In  longitudinal  and  transverse 
series. 
o\  Abactlnal  plates  very  much  larger  than  the  papular  areas,  eUiptlcal  in 
contour  and  usually  loith  long  dxU  of  the  ellipse  transversely  ori- 
ented. In  specimen  with  R  68  mm.  there  are  5  longitudinal  series  of 
large  alternating  plates  between  the  2  rows  of  superomarginals ; 
adambulacral  splnelets  in  3  series,  viz.,  4  (or  3),  8,  3,  the  last  granull- 
form.  Granules  surmounting  the  depressed  convex  plates  nearly 
uniform  in  size,  polygonal,  close-set,  and  2  or  3  times  the  size  of  the 
the  granules  in  the  depressions  between  the  plates.^ 

variolatus  Gray  (pi.  108,  fig.  4). 

^From  Gray's  specimen,  Maurltiiis.  The  rays  are  shorter  and  blunter  than  in  any 
other  species  in  this  section,  and  are  not  so  tapered  as  those  of  species  nnder  G>. 
S-"68  mm.,  r^-18  or  14  mm.,  B-«ahOQt  6  r.  The  specimen  flgared  (pi.  108,  fig.  4)  Is 
from  Mauritius  (No^  838,  Mu«.  Comp.  ZotJl.) 
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0*.  Abactinal  plates  not  ordinarily  oriented  transversely  and  in  spedmeDs 

with  R  about  70  mm.  there  are  7  to  10  rows  of  primary  abactinal 

plates  (always  more  than  5).    The  plates  are  smaller  and  roundish, 

but  conspicuously  larger  than  the  papular  areas,  and  those  of  distal 

third  of  ray  are  markedly  small  and  close-set.    Adambulacral  armature 

in  S  series. 

(2^.  Abactinal  plates  in  7  rows  on  basal  third  of  ray,  but  fewer  and  i]> 

regular  distally;  no  intermarginal  or  actinal  papulae;  abactinal 

papular  areas  with  granules  conspicuously  larger  than  the  rest; 

furrow  spines  about  6 tquaimilota^  p.  388. 

d*.  Abactinal  plates  7  to  10,  counting  across  ray,  much  larger  than  pap- 
ular areas  (whose  granules  are  subequal  to  or  smaller  than  those  of 
plates) ;  an  intermarginal  series  of  papulae  and  an  incomplete  series 
of  actinal  Intermediate  papulae;  furrow  spines  3  or  4. 
6^.  Rays  longer,  slenderer,  tapering  to  an  attemtate,  rather  sharp,  ex* 
tremity ;  R= about  6  to  7  r ;  abactinal  plates  nearly  plane*  or  only 
faintly  convex,  their  contour  excavated  by  the  papular  areas, 
forming  short  irregular  lobes  (which  can  be  seen  only  when  tbe 

plates  are  denuded) lemormieri,  p.  382. 

6*.  Rays  shorter  and  thicker,  not  especially  attenuate  at  the  tip;  R, 
variable,  but  about  5  r;  abactinal  plates  markedly  convex,  the 
primary  plates  without  lobes  or  with  only  very  faint  lobing. 
f,  Abactinal  plates  a  little  larger  and  more  convex,  especially  on 
disk ;  granules  relatively  larger  on  the  convex  part  of  the  ab- 
actinal plates,  and  abruptly  larger,  by  4  or  5  times,  than 
granules  of  interstices  between  plates ;  adambulacral  armatmei 
3,  3,  3,  or  4,  3,  3;  contour  of  plates  of  type,  unknown  (see  foot- 
note)  *'ifamophia"  Perrier.' 

f,  Abactinal  plates  by  direct  comparison  a  little  smaller  and  a  little 
less  convex;  rays  slightly  longer  and  a  little  more  attenuate 
distally ;  granules  of  the  convexity  of  plates  smaller  and  grading 
more  gradually  into  the  smaller  granules  of  margins  of  plates 
and  papular  areas navae-caledofUae  Perrier.* 

^  The  dilterenees  between  g<mophta  and  novae-oaledafdae  are  rather  diillcalt  to  express 
in  a  key.  being  somewhat  sabtle.  I  hare,  of  course,  relied  upon  the  correctness  of  the 
label  which  designates  Perrier's  type  in  the  British  Mii8eiiiii--or,  rather,  upon  tlie 
authenticity  of  the  spedmen.  Perrler  eompum  bis  spedmen  to  Nturdaa  aeffyptiaea  is 
the  following  manner  (1S76,  pw  167) : 

"  n  exlste  dans  la  coUectlon  dn  British  Mns^om  nn  bel  ^chantlllon  d*nne  espftce  de 
Beytagtm'  trSs  voislne  par  sa  forme  et  son  aspect  gSnSral  dee  Individns  de  grande  tiiUs 
de  respSoe  pr^cMente  [<M|wP<<ooa] ;  none  proposons  de  Ini  donner  le  nom  de  BcytMiv 
ffomophia  en  souvenir  dn  nom  de  genre  crM  par  Gray  ponr  oelle<L*' 

But  the  type  does  not  particularly  resemble  V,  aepypHsod.  It  is,  on  the  contrtr7» 
very  close  to  the  specimens  of  Jf.  novae-caledania^  mentioned  by  Perrler  (1876,  p.  104) 
SB  being  in  the  Brltieh  Museum.    I  think  the  names  refer  to  a  single  species. 

The  type  of  gomopMa  measures :  B— 71  mm.,  r^^lS  mm.,  breadth  of  ray  at  base,  16 
or  17  mm.  The  MSr  Island  specimen  measures :  B«i-79  mm.,  r— 18  mm.,  breadth  of  ity 
at  base,  14  or  16  mm. 

The  type-locality  of  both  species  is  New  Caledonia. 

I  have  figured  (pi.  108,  fig.  2)  a  specimen  taken  by  Dr.  H.  L.  Clark  at  MSr  (Monay) 
Island,  Torres  Strait.  I  do  not  feel  at  aU  sure  that  this  is  really  7f,  n<fVoe-oaledoniae,  bnt 
It  seems  at  least  pretty  dose  to  that  species.  As  will  be  seen  from  the  figure,  it  resembles 
variolata,  but  the  abactinal  plates  are  round  Instead  of  elliptical,  and  those  of  the  distal 
half  of  the  ray  are  much  smaller  and  close-set  The  primary  abactinal  plates  show  a 
very  faint  lobing,  although  a  few  plates  are  nearly  entire.  The  adambulacral  aimatore 
is  8,  8,  3,  or  4,  8,  8,  and  a  sezles  of  actinal  intermediate  papulae  extends  a  little  oTer 
half  the  length  of  the  ray. 

'The  chief  dUferences  between  the  type  of  " N,  gomophAa"  and  the  British  Museam 
specimens  of  novae-caledofUae  are  mentioned  in  the  key.    In  oofMphia  the  rays  are  a  little 
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<f.  Abactinal  plates  small,  numerous,  irregular,  scarcely  at  all  convex, 
subequal  to  or  slightly  larger  than  the  papular  areas  and  10  to  18 
or  even  more  between  the  superomarginals,  counting  across  ray  at 
base;  abactinal  granules  increasing  slightly  in  size  toward  center  of 
plates,  where  they  are  about  twice  as  broad  as  in  the  intervals  be- 
tween. 
^,  Abactinal  plates  larger,  9  to  11  across  ray  at  base,  those  of  the 
distal  third  smaller  and  more  crowded  than  over  rest  of  ray,  form- 
ing thus  a  rather  definite  distal  area  distinguishable  from  the  prox- 
imal two-thirds;  a  definite  series  of  papular  areas  between  the 
inferomarginals  and  the  actinal  intermediate  plates  (of  which  there 
is  a  single  series  extending  to  end  of  ray). 

moUis '  de  Loriol  (pi.  108,  fi«r.  1). 
d*.  Abactinal  plates  smaller,  the  smallest  of  any  known  species,  at  least 
12  or  18  across  ray  at  the  base,  those  of  distal  third  or  fourth 
small  and  crowded,  but  the  area  not  differentiated  at  all  conspic- 
uously from  the  rest  of  the  abactinal  surface;  lateral  abactinal 
plates  abruptly  much  smaller  than  the  regular  superomarginals 
which  are  thus  very  conspicuous,  a  teries  of  fairly  large  intermar- 
ginal  papular  areas  but  no  series  of  actinal  intermediate  papulae, 
although  1  to  a  very  few  areas  sometimes  occur  sporadically  at 
base  of  the  ray;  a  single  series  of  actinal  intermediate  plates 
extending  to  the  end  of  the  ray;  adambulacral  armature:  3  (or  4), 
8,  8 poAidtoris*  (von  Martens),  pi.  108,  fig.  8. 

shorter  and  less  attenaate  at  the  extremity ;  the  abactinal  plates  are  slightly  more  con- 
Tex,  and  the  granules  are  abmptly  larger  than  those  of  the  papular  areas  and  Interspaces 
between  the  plates — abont  4  or  5  times  greater.  In  novae-oaledoniae  the  granules  of 
the  oonYexlty  of  the  plates  are  actually  smaller  by  direct  comparison  (about  one-half  to 
two-thirds  as  broad)  and  they  grade  more  gradually  into  the  small  granules.  In  ncvae- 
eaM<mia9  the  length  of  the  ray  is  variable,  among  the  British  Museum  specimens  at  least. 

^  See  de  Loriol,  1891,  pb  26,  pi.  8,  fig.  4 ;  New  Britain.  The  specimen  figured  (pi.  108, 
flf.  1)  was  coUected  by  Dr.  H.  L.  Clark  on  M6r  (Murray)  Island,  Torres  Strait 

*  Probably  identical  with  pauoiforia  is  Nardoa  fkuehi  de  Loriol,  1801  (p.  28,  pL  2, 
fig.  4,  4a-^).  De  Loriol  compares  his  new  species  with  N,  moOto  and  W,  navae-^aledoMae. 
He  says :  "  Dans  le  Nardoa  Novas  OaMUmiae  Perrlsr,  les  oasicnles  sont  pins  sallliants, 
plus  d^eloppte,  plus  serrte,  les  deux  series  de  chaque  c0t6  de  la  face  ventrale  sont  moins 
diiElrentes  de  taiUe,  les  aires  porif^res  sont  bien  plus  petites  relatlvement  aux  ossicles, 
le  disque  est  plus  grand  avec  un  plus  grand  nombre  de  plaques  intercaltes  dans  les 
etpaces  interbrachiaux  de  la  face  ventrale,  les  piquants  ambnlacralres  sont  differents." 

Judging  by  de  Lorlol's  figure  of  Itnaohi,  the  abactinal  plates  are  considerably  smaller 
than  those  of  nova&ixaedoMae,  and  the  whole  animal  resembles  more  nearly  the  British 
Museum  specimens  of  pauotforis.  In  an  example  of  pauelforia  (pL  108,  fig.  3),  or  what  I 
believe  to  be  this  spedes,  from  M6r  (Murray)  Island,  Torres  Strait,  kindly  loaned  by  Dr. 
H.  L.  ClariL,  the  adambulacral  armature  closely  resembles  that  figured  by  de  Loriol.  The 
farrow  spines  are  proxlmally  4,  then  8,  with  2  or  8  heavier  spines  in  the  first  subambu- 
lacral  series,  and  8  or  4  granules,  abruptly  larger  than  the  actinal  granulation,  in 
the  third  series. 

Ltnekia  poMOiJorls  von  Martens,  1866,  p.  68.  "Ffinf  platte  Arme,  Scheibenradius 
smn  ArmradlUB  wie  1 :  6i.  Breite  der  Arme  an  threr  Basis  m  ihrem  Badius  -■  1 : 4-6. 
HtShe  (an  getrockneten)  nur  die  HUfte  der  Breite.  Furchen  papiUen  der  inneren 
Belhe  8,  mwellen  4  auf  Jedet*  Platte,  fiach,  gleich  gross,  nach  anssen  davon  gleich 
lange  dlckere;  Im  Durchschuitt  drei-vieleckig,  in  iwei  verworrene  Beihen  gestellt,  all- 
mihlich  in  die  Granulation  der  Bauchseite  fibergehend.  Bine  Beihe  kleinerer  PlAttchen 
an  der  Bauchseite  nach  aussen  von  diesen  FnrchenpapiUen,  dann  swei  Beihen  doppelt 
so  grosser  Flatten.  Platten  der  Bfickenseite  wieder  nur  halb  so  gross,  rundlich,  nicht 
In  Beihen  gesteUt;  Granulation  auf  Bficken-  nnd  Bauchseite  gleichmassig.  Porenf elder 
auf  der  Bfickenseite  sahlreich  swischen  den  Platten  vertheilt,  jedes  nur  4-6  Poren 
enthaltend;  Madreporenplatte  elnfach. 

Farbe  (der  trockenen  Bxemplare)  heU  gelbbrann.    Armradius  bis  100  Mill. 

Insel  Adenare  bei  Flores. 
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<i'.  Some  of  the  abactinal  plates  nearly  or  quite  hemispherical,  while  others  are 

less  markedly  convex;  or  else  plates  variably  convex  and  some  others 

here  and  there  in  the  form  of  hemispherical,  snbcylindrical,  or  subconical 

tubercles,  as  high  as  their  breadth  at  base. 

h\  Abactinal  tubercles  very  prominent,  acorn-shaped,  or  conical  with  the  tip 

bare  (rarely  completely  granular).    Only  1  row  of  subambulacral  spines, 

the  granules  on  outer  part  of  adambulacral  plates  being  equal  to  those 

of  the  actinal  surface aegypticuia  Gray. 

b\  Abactinal  tubercles  entirely  granular;  outer  granules  of  adambulacral 
plates  larger  than  adjticent  actinal  intermediate  granules,  so  that  in  a 
measure  the  adambulacral  armature  grades  into  that  of  the  actinal  sur- 
face. 
€^.  Abactinal  plates  very  numerous,  more  nearly  equal,  some  more  con- 
spicuously convex  than  others,  the  most  prominent,  hemispherical, 

but  not  so  high  as  wide tuberoiUata,  p.  384. 

0*.  Abactinal  plates  very  unequal  in  size,  larger  ones  forming  thick  sub- 
conical  or  dome-shaped  tubercles  covered  with  granules. 
<f .  Abactinal  tubercles  numerous,  30  or  40,  more  cylindrical  in  form. 

frianH,  p.  385. 
d'.  Tubercles  fewer,  usually  about  10  to  15,  some  of  the  larger  subellipti- 
cal  and  oriented  transversely,  relatively  larger  than  in  frianti,  lower 
in  proportion  to  width,  and  evenly  rounded  or  dome-shai>ed. 

tumulosay  p.  888. 

NAKDOA  LBMONNIBRI  KMhl«r. 

Nardoa  Le  Monnief-i  Koehucb,  1910a,  p.  161,  pi.  18,  figs.  1  and  2. 

Koehler^  has  given  figures  and  a  detailed  description.  In  the 
Philippine  specimen,  R=110  mm.,  r=15  mm.,  11=7  r;  breadth 
of  ray  at  base,  16  mm.  to  20  mm.  If  the  dorsal  plates  are  denuded, 
their  contour  is  irregularly  scalloped  and  short-lobed,  the  arcuate 
indentations  being  on  the  margin  bordering  papular  areas.  Accord- 
ing to  Viguier's  figure  of  N.  novae-caledomae  (1879,  pi.  9,  fig.  8) 
the  dorsal  plates  are  entire.  The  actinal  series  of  papular  areas,  be- 
tween the  inferomarginals  and  actinal  intermediate  plates  comprises 
only  6  to  9  areas,  and  is  therefore  shorter  than  in  the  type.  There 
are  usually  9  marginal  mouth  spines,  and  6  in  the  parallel  suboral 
series. 

Type-locality. — ^Andaman  Islands. 

Distribution. — ^Known  only  from  Andaman  Islands  and  Sulu 
Archipelago. 

Specimen  examined. — Station  5159,  Tawi  Tawi  Group,  Sulu 
Archipelago  (off  Tinakta  Island),  10  fathoms, coral  sand;  1  specimen. 

Rem>ark8. — ^The  nearest  relatives  of  this  species  are  N*  m^Uis  de 
Loriol  (New  Britain),  A^.  novae-caledoniae  Perrier  (New Caledonia), 
and  N.  galatheae  Liitken  (Nicobar  Islands  and  Togean  Islands,  Cele- 
bes). N.  galatheae  is  not  well  understood.  It  is  near  N.  tiw^Bw  ac- 
cording to  de  Loriol,  who  mentions  as  the  only  differences  that  galor 

1 1910a,  p.  161,  pi.  18.  figs.  1  and  2. 
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theae  has  4  adambulacral  spines  in  each  of  the  2  series,  while  in  mollis 
there  are  rarely  4  in  the  furrow  series,  and  3  or  2  in  the  second  series ; 
and  the  rather  negative  character  that  Liitken  does  not  describe  the 
peculiar  condition  of  the  distal  abactinal  plates  of  molUs. 

Koehler  has  pointed  out  the  differences  separating  N.  lemonnieri 
from  N.  novae-caledoTidae  and  N.  mollis.  The  scalloped  abactinal 
plates  of  the  Albatross  specimen  will  furnish  a  further  distinguish- 
ing feature. 

NAKDOA  8QUAMUL08A  VMkdmr. 

Plate  105,  fig.  5 ;  plate  111,  flg.  1. 
Nardoa  squamuloaa  Koehleb,  1910a>  p.  168,  pi.  1,  flg.  8 ;  pi.  15,  fig.  7  and  8. 

The  larger  of  the  2  specimens  has  R=41  mm.,  r=7  mm.,  and 
despite  slight  differences  I  think  both  are  referable  to  Koehler's 
species.  The  enlarged  adambulacral  granules  are  a  trifle  less  con- 
spicuous than  in  the  type.  The  distal  marginal  plates  have  a  dis- 
tinct central  tubercle  surrounded  by  granules,  and  the  central  gran- 
ules of  the  distal  abactinal  plates  are  enlarged.  The  characteristic 
enlarged  granules  of  the  papular  areas  number  usually  4  to  8, 
although  distally  they  may  be  fewer.  The  abactinal  plates  have 
6  or  6  short,  usually  overlapping,  lobes. 

Type-locality. — ^Off  Cape  Negrais,  Burma,  40  fathoms. 

Distribution. — Burma;  Philippine  Islands,  28  to  67  fathoms. 

Specimens  examined. — ^Two : 

Staticm  5253,  Gulf  of  Davao,  Mindanao,  28  fathoms,  coral. 

Station  5482,  Surigao  Strait,  east  of  Leyte,  67  fathoms,  broken 
shells,  sand,  green  mud. 

NARDOA  BBMIRBGfJLARIS  (MUter  tmd  TmmImI). 

Plate  105,  flg.  8. 

8oyt<uter  senUregularis  MI^xeb  and  Tboschel,  1842,  p.  36. 
Nardoa  semirefftdaris  Sladen,  1889,  p.  412. 

The  specimen  is  small  and  is  characterized  by  the  great  regularity 
of  the  abactinal  plates  which  are  arranged  in  transverse  and  longi- 
tudinal series.  R=29  mm.,  r=5  mm.,  R=6  r;  breadth  of  ray  at 
base,  5  to  6  mm.  There  are  6  or  7  spinelets  in  the  furrow  series, 
and  usually  5  in  the  second  series,  while  the  original  description  calls 
for  but  4  furrow  spines.  In  the  Japanese  form  (Misaki)  there  are 
frequently  5,  and  sometimes  6  furrow  spines.  The  distal  abactinal 
plates  are  very  regular,  not  irregular,  but  as  only  the  carinal  series 
occupies  the  outer  third  of  ray,  separating  the  superomarginal  plates, 
it  is  likely  that  the  regularity  may  be  explained  by  the  immaturity 
of  the  specimen.  This  would  also  account  for  the  presence  of  but 
1  to  3  pores  to  each  papular  area.  Near  the  end  of  the  ray  1  to  2 
subambulacral  granules  to  each  plate  are  enlarged,  as  in  A^.  squamu- 
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lo8€L  I  find  this  true  also  of  the  Japanese  form,  as  well  as  of  N. 
tuberofdata^  N.  aegyptiaca^  N.  gomopMa^  N.  frianti^  and  N.  lemormeri 
(to  a  slight  extent).  The  character  is  not  confined  therefore  to  If. 
sjuanvulosoj  nor  to  a  few  species  only. 

This  species  is  readily  distinguished  from  N.  sqtianudasa  by  £be 
greater  regularity  of  the  abactinal  plates,  and  by  the  absence  of  the 
enlarged  granules  on  the  papular  areaa  It  may  be  distinguished 
from  N.  senmeriata  (yon  Martems)  by  the  abactinal  plates  forming 
regular  transverse  and  longitudinal  series.  In  N.  semdsericUa  the 
abactinal  plates  are  described  as  being  arranged  in  gudnoimx^  with 
a  single  papular  pore  at  the  comers  of  the  plates.  This  strongly 
suggests  the  genus  Narcissia^  in  which  aemiseriata  would  seem  to  be- 
long. 

Type-locality. — Java. 

Distribution. — Java,  Palawan,  and  (including  the  form  japomca) 
Japan.    Sluiter  ^  (1895,  p.  61)  records  the  species  from  the  Moluccas. 

Specimens  examined. — Station  5357,  North  Balabac  Strait  (south 
end  of  Palawan),  68  fathoms,  coral,  sand. 

NARDOA  TUBBBCULATA  Gray. 

Plate  110,  fig.  1. 

Nardoa  tubervulata  Gbay,  1840,  p.  287;  1866,  p.  15.— Sladen,  1889,  p.  418.— 

KoEHLEB,  1910a,  p.  157,  pi.  17,  figs.  1  and  2. 
OpJUdiaster  tuberctdatu8  Mfiiunt  and  Tboschel,  1842,  p.  82. 
Scytaater  tuberotUatus  Pebbieb,  1875,  p.  157. 

.  Notes  on  PMUppi/ne  specimens. — Perrier  *  has  described  this  spe- 
cies and  Koehler  (1910a,  pL  17,  figs.  1  and  2)  has  already  figured  it 
The  only  important  variation  in  the  Albatross  specimens  is  the  pres- 
ence in  3  examples  (starred  in  the  list  of  specimens)  of  nmnerous 
actinal  and  abactinal  pedicellariae.  These  resemble  large  split  gran- 
ules. The  abactinal  pedicellariae  are  f  oimd  on  the  papular  areas  and 
are  several  times  larger  than  the  small  granules  of  the  papular  areas, 
and  conspicuously  larger  than  the  granules  on  the  convexity  of  the 
plates  (which  exceed  in  size  those  of  the  sunken  papular  areas) .  The 
actinal  pedicellariae  are  also  larger  than  the  granules,  and  are  found 
on  the  intermarginal  papular  areas,  between  the  inf  eromarginal  and 
actinal  intermediate  plates,  and  on  the  single  series  of  actinal  inter- 
mediate plates  of  the  ray.  Two  small  chevrons  of  actinal  interme- 
diate plates  in  addition  to  the  complete  series  are  present  on  the  disk. 
Some  of  the  actinal  pediceUariae  have  3  jaws 

In  the  Buton  Strait  specimen  the  abactinal  plates  are  considerably 
less  convex  than  in  the  Philippine  examples  and  if  it  is  really  tuber- 
ciilata  it  is  a  variety  intermediate  between  sections  a*  and  a*  of  my 

^Bijd.  tot  de  Dlerk.  Konlnk.  ZooL  Genoot,  Afl.  17. 
•  1875,  p.  167. 
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foregoing  synopsis.  Without  an  abundance  of  material  it  is  prac- 
tically impossible  to  handle  this  genus  with  any  degree  of  precision. 
In  the  specimen  in  question  none  of  the  plates  is  really  tuberculate. 

In  the  Celebes  specimen  B=106  mm.,  r=about  18  muL,  B=about 
6  r;  breadth  of  ray  at  base,  20  mm*  The  largest  Philippine  example 
(Port  Binauga,  Subig  Bay)  has  the  following  measurements:  B=91 
mm.,  r=15  mm.,  B=6  r;  breadth  of  ray  at  base,  18  mm. 

In  the  United  States  National  Museum  collection  there  is  a  small 
specimen  bearing  the  number  3293  (and  another  number,  2100). 
There  is  no  locality.  This  specimen  has  B,  48  mm.  and  on  tlie  abac- 
tinal  surface  are  26  to  27  prominent  low-conical  plates  forming 
tubercular  eminences  among  the  others.  Although  larger  than  Per- 
rier's  type  of  N.  obtusa  this  example  resembles  it  and  suggests  the 
possibility  that  ohtusa  is  a  young  tuberculata  with  the  tubercules  a 
little  more  prominent  than  usual. 

Type-locdlUy, — ^Luzon. 
.   Distribution. — ^Philippine  Islands    (Luzon,   Cebu,   Surigao   Sea, 
Masbate,  Sulu  Archipelago)   to  Buton  Strait,  Cdebes;  Batjan^, 
Flores,^  Batavia,^  Amboina,  New  Guinea.* 

Specimens  exa/mined. — ^Ten,  from  the  following  localities: 

Mariveles,  Luzon,  2  specimens. 

Port  iBuanga,  Subig  Bay,  Luzon,  1  specimen. 

*  Tilig,  Lubang  Island,  off  Luzon,  1  specimen. 

*Port  San  Miguel,  Ticao  Island  (off  southern  Luzon),  shore;  1 
specimen. 

Camiguin  Island,  Surigao  Sea,  sand  and  coral;  1  specimen. 

^  Catanigan  Bay,  Masbate,  1  specimen. 

Tataan  Pass,  Simulac  Island,  Tawi  Tawi  Group,  Sulu  Archipel- 
ago, shore ;  2  specimens. 

Great  Tobea  Island,  Buton  Strait  (Cebeles),  tide  pools  on  coral; 
1  specimen. 

NARDOA  FBIANTI  Koehltf. 

Plate  109,  fig.  1 ;  plate  111,  fig.  8. 
Nardoa  frianti  Koehleb,  1910a,  p.  158,  pi.  17,  figs.  8  and  4. 
Koehler  has  given  a  full  description  with  figures.  The  Albatross 
specimens  are  nearly  typical.  It  is  to  be  noted  here  that  the  example 
from  station  6190  has  the  granules,  especially  on  the  tuberosities, 
acorn-shaped  and  very  slightly  spaced,  while  on  the  other  specimen 
the  granules  are  flattish  and  closely  crowded.  The  latter  specimen 
has  B=126  mm.  and  on  the  proximal  third  of  the  ray  a  series  of 
papular  areas  have  appeared  between  the  inferomarginal  and  ac- 

^DMerlein,  1896,  p.  819. 

*H.  L.  Clftrk,  BqU.  Mna.  Comp.  Zo51.,  vol.  51,  1908,  p.  283  (Sorong,  New  Guinea, 
Thomas  Barbour). 
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tinal  intermediate  plates,  with  2  or  3  pores  to  each  area,  ihe 
smaller  example  with  B=72  mm.  has  a  few  of  these  small  areas  at 
the  base  of  the  ray. 

Type-locality. — ^Andaman  Islands. 

Distribution. — ^Andaman  Islands;  Sulu  Archipelago. 

Specimens  examined. — ^Two: 

Station  5159,  Tawi  Tawi  Group,  Sulu  Archipelago  (off  Tinakta 
Island),  10  fathoms,  coral  sand;  1  specimen. 

Station  5168,  Tawi  Tawi  Group  (off  Observation  Island),  28 
fathoms,  coral  sand ;  1  specimen. 

NABDOA  TUMULOSA  Fliher. 

Plate  95,  fig.  9 ;  plate  109,  fig.  2 ;  plate  HI,  fig.  2. 
Nardoa  tumulosa  Fisher,  1917&,  p.  90. 

Diagnosis. — ^In  a  general  way  resembling  N.  friamti  Koehler  in 
having  prominent,  large,  hemispherical,  abactinal  plates,  but  these 
much  fewer  and  relatively  slightly  larger  than  in  frianti^  lower  in 
proportion  to  width  and  evenly  rounded  or  dome-shaped.  They  are 
confined  to  the  abactinal  surface  and  the  proximal  two-thirds  of 
ray;  plates  of  distal  third  of  ray  small,  crowded,  convex;  disk  high. 
Il=:about  90  mm.,  r=about  14  mm.  R=6.4  r ;  breadth  of  ray  at  base. 
17  mm. ;  height  of  disk,  21  mm. 

Description. — ^The  general  form  of  this  species,  as  well  as  the  prin- 
cipal differences  between  it  and  N.  frianti  are  shown  fairly  well  by 
the  figure.  The  prominent  tubercles  number  about  10  to  15  on  each 
ray  and  are  confined  to  the  proximal  two-thirds  of  the  ray.  Each 
of  these  prominent  plates  is  subcircular  or  elliptical  (in  which  case 
the  long  axis  is  transverse)  and  the  edge  of  the  plate  is  very  slightly 
and  irregularly  lobed,  each  lobe  articulating  with  one  of  the  irregu- 
lar smaller  and  lower  intermediate  or  secondary  plates.  The  promi- 
nent plates  are  dome-shaped  and  lower  in  proportion  to  the  width 
than  are  those  of  friam,ti.  On  the  outer  third  of  the  ray  the  plates 
are  all  small,  rather  strongly  convex,  and  oriented  longitudinally 
(at  least  the  more  prominent  ones,  which  are  irregularly  elliptical 
in  form).  The  abactinal  granules  are  largest  on  the  tuberosities^ 
polygonal,  and  close-set,  gradually  diminishing  in  size  toward  the 
papiUar  areas,  where  they  are  about  half  the  diameter.  The  lower 
convex  plates  also  have  the  central  granules  enlarged.  The  papular 
areas  are  smaller  than  the  plates  and  in  the  type  contain  15  to  30 
pores,  and  in  the  smaller  specimen  only  6  to  10. 

The  proximal  marginal  plates  are  not  at  all  globular  as  are  some 
of  the  superomarginals  in  frianti^  but  are  slightly  convex,  and  the 
central  granules  are  enlarged  as  in  the  case  of  the  abactinal  plates. 
The  last  10  or  12  plates  of  both  series  frequently  have  the  central 
granule  enlarged  into  a  definite  thimble-shaped  tubercle,  or  there 


•    Digitized  by  VjOOQIC 


BTAB7ISHBS  07  THE  PHIUPPINE  BBAS.  887 

may  be  2  or  3  such  granules  larger  than  the  others.  Some  of 
the  distal  abactinal  plates  are  so  armed.  A  single  series  of  small 
actinal  intermediate  plates  extends  about  a  third  the  length  of  ray ; 
for  the  remainder  of  the  ray  the  large  inf eromarginal  plates  are  in 
contact  with  the  adambulacrals.  There  is  a  series  of  intermarginal 
papular  areas  but  no  papulae  between  the  inferomarginal  plates 
and  the  furrow.  In  the  type  there  is  a  series  of  a  few  intermarginal 
plates  at  the  base  of  each  ray. 

Adambulacral  armature:  Three  or  4  furrow  spines,  blunt  and 
usually  irregularly  4-sided  in  section;  back  of  these  is  a  series  of 
about  3  slightly  thicker  and  much  shorter,  usually  quadrate^ 
truncate,  or  round-tipped  granules;  then  a  definite  series  of  3  or 
4  decidedly  smaller  granules,  intermediate  in  size  between  the 
first  series  and  the  actinal  granulation.  The  outer  edge  of  plate  is 
filled  in  with  1  or  2  irregular  or  angular  series  of  granules  identical 
with  those  of  actinal  intermediate  and  inferomarginal  plates. 

Madreporic  body  small,  circular,  about  midway  between  the  mid- 
dle of  the  elevated  disk  and  the  lower  edge  of  the  superomarginal 
plates. 

Type.— Cat.  No.  37028, .  U.S.N.M. 

TyTpe^locoLity. — Station  6160,  off  Tinakta  Island,  Tawi  Tawi 
Group,  Sulu  Archipelago,  12  fathoms,  sand ;  surface  temperature  82*^ 
F. ;  1  specimen. 

DigtribicHon. — ^Known  only  from  Tawi  Tawi  and  Jolo,  Sulu 
Archipelago,  12  to  34  fathoms. 

Specimens  examined. — ^Two,  the  type  and  1  from  station  5555,  off 
Cabalian  Point,  Jolo  Island,  34  fathoms,  coarse  sand. 

Rem/xrks. — ^There  is  a  very  slight  possibility  that  this  form  may  be 
the  adult  of  Na/rdoa  obtusa  Perrier  (1875,  p.  169).  I  examined  Per- 
rier's  type,  in  the  British  Museum.  Perrier  does  not  give  measure- 
ments nor  does  he  indicate  that  the  specimen  is  small.  The  meas- 
urements are:  R=35  mm.,  r=8  mm.  The  abactinal  plates  are  nearly 
hemispherical  and  more  prominent  toward  the  end  of  ray  than  at 
the  base.  The  adambulacral  armature  is:  Furrow  spinelets  4,  then 
2  series  of  3  granules  each.  I  was  able  to  compare  this  specimen 
with  young  variolata,  from  which  it  differs  in  having  7  plates  across 
the  base  of  ray  (5  in  variolMa)^  the  plates  circular  in  form,  and  the 
secondaries  larger  than  in  variolaba.  The  type  of  ohtusa  is  from 
Siquijor,  Philippines. 

The  type  of  ohtusa  has  relatively  blunter  rays  than  the  smaller 
specimen  of  twnmlosa  (R=63  mm.),  and  the  tubercles  are  less 
prominent  on  the  disk  and  the  base  of  the  rays.  Just  what  ohtusa 
would  look  like,  if  adult,  is  rather  difficult  to  conjecture.  A  detailed 
comparison  of  the  type  with  that  of  tumulosa  is  therefore  omitted> 
because  the  specimens  are  not  really  comparable. 
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6611118  OPHIDIASTER  Agaadz/ 

OpMdioMter  Aoassiz,  M^m,  soc  sci.  nat  Neachateli  voL  1,  18S5,  p.  191. 
Type,  O.  opfUdianus  (Lamarck). 

KST  TO  SFBCnS  OF  OVniDlABTtM.  HUaiN  DaSCBIBID. 

a\  Center  of  some  of  the  abactiiial  and  marginal  plates  with  1  or  more  en- 
larged, tnbercnlate  granules,  or  with  single  tubercles,  or  spines. 
&*.  Adambulacral  armature  in  2  series,  the  subambulacral  spine  of  irregular 
occurrence;  marginal  and  abactinal  plates  with  conspicuous  central 

spine,  or  serial  tubercles fuscus^  p.  888. 

ft".  Adambulacral  armature  in  8  series. 
0^.  Papulae  normally  in  6  longitudinal  series;  plates  with  sln^e  central 
tubercle;  sheath  of  pedicellariae  with  margin  of  depression  entire, 
not  toothed  or  crenulate ;  papular  areas  large  (except  in  young  Aped- 

mens)  with  10-12  pores tuberifer,  p.  383. 

<f.  Papulae  in  8  longitudinal  series;  plates  with  several  enlarged  tuberca- 
late   granules;    sheath    of   pedicellariae  with  crenulate  or- toothed 

margin ;  papular  areas  small,  with  3  or  4  pores irychnus,  p.  880. 

a\  Abactinal  and  marginal  plates  covered  with  a  fine  granulation  without  a 
sign  of  central  tubercles  or  spines;  adambulacral  armature  in  a  double 
series  on  furrow,  but  the  regular  subambulacral  spine  lacking  except  in 
a  rudimentary  condition  at  end  of  ray dul>iosiU,  p.  894. 

OPHIDIASTER  FUSCU8   (Grmy). 

Plate  95,  figs.  5,  5a^;  plate  108,  fig.  4;  plate  104,  fig.  1;  plate  111,  figs.  5,  & 
Tamaria  fusca  Gray,  1840,  p.  283 ;  1866,  p.  13. 
Ophidiaster  fuscua  Pebbieb,  1875,  p.  132. 
Linckia  megaloplax  Bell,  1884&,  p.  126. 

I  made  some  notes  and  sketches  of  Gray's  type  and  the  specimens 
listed  below  appear  to  be  fairly  typical  examples.  The  species  is 
somewhat  variable.  In  most  cases  the  color  is  a  striking  combina- 
tion of  "  Bougainvillea  "  purple  and  brown.  The  accompanying  de- 
scription and  figmres  will  probably  be  useful  for  a  comparison  with 
nearly  related  forms,  O.  MrstUw  Koehler,  for  example. 

Description. — General  appearance  very  similar  to  that  of  0.  Mr- 
sutus.  The  abactinal  and  marginal  plates  are  strongly  convex  and 
form  7  regular  series.  The  granules  are  smallest  around  the  border 
of  plates,  increasing  in  size  toward  the  center,  where  they  are  unequal, 
some  of  them  being  more  convex  than  others.  The  granules  of  the 
papular  areas  are  unequal  in  size,  some  being  subequal  to  the  gran- 
ules of  the  borders  of  the  plates,  others  2  or  3  times  as  large.  The 
center  of  the  abactinal  and  marginal  plates  bears  either  a  stout  coni- 
cal spine  or  a  spine  with  1  to  several  tubercular  granules  at  the  base, 
or  some  plates  may  bear  2  to  5  tubercles  shorter  than  the  spines.  The 
largest  specimen  6rom  station  5641  is  remarkable  for  having  on  prac- 
tically all  the  abactinal  and  on  many  of  the  superomarginal  plates 
as  well  a  heap  of  upward  of  9  or  10  unequal  subconical  or  acom- 
shaped,  enlarged  granules  instead  of  the  spine.    Most  all  the  infero- 

1  Chione  GlBtel,  Natargeschldite  des  TUerreicbs,  1848,  p.  176.    Type,  OhUme  opMAomM 
(Lamarck). 
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marginal  plates  have  the  spine.  Many  of  the  abactinal  and  marginal 
plates  have  a  large  alveolar  pedicellaria,  sometimes  2,  with  a  figure 
S  depression  into  which  the  jaws  closely  fit  when  open.  The  entire 
apparatus  is  two-thirds  to  three- fourths  the  length  of  plate.  The 
jaws  are  semicircular  with  8  to  10  fine  teeth  and  narrow  abruptly 
into  a  very  slender  stem.  The  alveoles  have  a  smooth  border;  rarely 
with  1  or  2  indentations. 

Papular  areas  conspicuous,  in  6  longitudinal  series  (none  actinal). 
Each  area  is  smaller  than  the  neighboring  plates  and  contains  7  to  10 
pores  scattered  among  granules  of  diverse  sizes. 

Adambulacral  armature  variable  so  far  as  the  actinal  spine  is  con- 
cerned. Each  plate  has  2  furrow  spines,  or  in  some  cases  3  at  the 
base  of  ray.  These  are  flattened,  truncate,  and  slightly  hollowed  or 
faintly  grooved  on  the  furrow  face.  The  adoral  spine  is  commonly 
broader  at  tip  and  the  aboral  narrower  at  tip  than  at  base ;  the  lat- 
ter appears  to  be  slightly  smaller.  The  subambulacral  spine  is  thick, 
broadly  lanceolate  to  subconical,  blunt,  and  separated  from  the  fur- 
row spines  by  1  or  2  rows  of  granules.  It  is  very  irregular  in  oc- 
currence. At  the  base  of  the  ray  there  is  likely  to  be  1  to  a  plate 
(1  to  every  2  furrow  spines),  but  farther  along  ray  any  number  of 
plates  may  be  skipped,  so  that  sometimes  only  a  very  few  are  present 
throughout  the  whole  length  of  the  furrow.  Its  place  is  usually 
taken  by  a  granule  slightly  larger  than  the  rest 

One  series  of  actinal  intermediate  plates  extends  nearly  to  end  of 
ray  while  a  second  series  sometimes  nearly  reaches  the  middle.  They 
are  very  slightly  convex  with  slightly  larger  granules  near  the  mid- 
dle than  on  the  edge.  A  few  pedicellariae  may  be  scattered  over 
the  actinal  surface  or  they  may  be  entirely  absent. 

Madreporic  body  large,  but  variable,  subcircular  with  fine  radiat- 
ing branching  striae. 

Color  in  alcohol,  light  brown  marked  on  the  disk,  base  of  rays,  and 
by  2  cross  bars  on  the  rays,  with  a  brilliant  light  pinkish  purple.  The 
specimen  from  station  5641  lacks  purple  and  is  mottled  with  darker 
brown. 

Type. — ^British  Museum. 

Type-locality. — ^Migupou  (probably  a  Philippine  locality). 

Distribution. — Philippine  Islands  (Gulf  of  Davao,  Mindanao), 
Celebes,  and  northwestern  Australia,  to  39  fathoms. 

SpeoiTnens  excmdned. — Six: 

Station  5248,  off  Lanang  Point,  Gulf  of  Davao,  Mindanao,  18 
fathoms,  coral;  1  specimen. 

Station  5251,  off  Linao  Point,  Gulf  of  Davao,  Mindanao,  20  fath- 
oms, coral ;  1  specimen. 

Station  5252,  same  locality,  28  fathoms,  coral :  1  specimen. 

Station  5253,  same  locality,  depth  and  bottom;  2  specimens. 
13434— BuU.  100—19 ^26 
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Station  6641,  off  Kalmo  Point,  Buton  Strait,  Celebes,  89  fathoms, 
sand,  shells;  1  specimen. 

Remarks. — ^Koehler  (1910a,  p.  149,  pi.  18,  figs.  6  and  6)  has  de- 
scribed a  very  closely  related  form,  0.  hirsutus  from  the  Andaman 
Islands,  11  to  25  fathoms,  which  may  prove  to  be  but  a  race  of  fwcm. 
It  lacks  pedicellariae  and  has  an  inconspicuous  actinal  intermediate 
series  of  papulae  at  base  of  ray,  as  well  as  a  few  other  minor  differ- 
ences,  including  color. 

I  have  examined  a  specimen  of  Lmckia  megaloplax  from  the  Alert 
collection  (Museum  of  Comparative  Zoology)  and  I  think  it  is  very 
probably  the  same  as  Ophidiaster  fuaeus. 

OPUIDIASTES  TBTCSmUS  Flahcr. 

Plate  84,  fig.  5;  plate  d5,  figs,  e,  Gck-d;  plate  108,  figs.  2,  8;  plate  107,  fig.  e. 
Ophidiaster  tri/(^nu$  Fisher,  1918o^  p.  216. 

Diagnosis. — ^Differing  from  0.  pusUlus  Miiller  and  Troschel  in 
having  the  papulae  in  8  longitudinal  series,  and  the  central  granules 
of  the  abactinal,  marginal,  and  actinal  plates  enlarged,  and  subtn- 
berculate  on  outer  part  of  ray,  and  in  having  the  pedicellaria  sheaths 
toothed,  not  entire;  differing  from  0.  tuberifer  in  having  8  longi- 
tudinal series  of  papular  pores,  much  larger  and  broader  pedicel- 
lariae, with  the  sheaths  toothed,  not  entire,  and  in  having  a  number 
of  enlarged  granules  on  the  plates,  not  a  single  conical  tubercle  of 
predominant  size.  R=19  mm.,  r=4  mm.,  R=about  5  r.;  breadth  of 
ray  at  base,  6  mm.  Eays  cylindrical,  only  very  slightly  tapering,  with 
a  blunt  extremity  capped  by  a  dorsal,  convex,  roundish  terminal 
plate. 

Description. — Seven  series  of  abactinal  and  marginal  subcordate 
plates,  the  adoral  narrower  end  overlying  the  broader  aboral  end;  2 
series,  on  either  side,  of  smaller  actinal  intermediate  plates,  the  inner 
extending  to  within  4  inf eromarginal  plates  of  end  of  ray,  the  second 
extending  nearly  half  the  length  of  ray.  Abactinal  and  marginal 
plates  slightly  tumid,  each  longitudinal  series  forming  a  low  convex 
'  ridge,  separated  by  relatively  shallow,  but  very  evident,  furrows,  con- 
taining the  series  of  papular  areas  (8  in  all).  Oranules  slightly 
spaced  to  contiguous,  but  not  crowded;  very  unequal  as  to  size  and 
form.  Those  covering  papular  areas  are  small  and  unequal,  bnt 
usually  a  little  smaller  than  the  pores  themselves;  next  larger  are 
the  granules  between  consecutive  pore  areas  and  along  the  transverse 
margins  of  the  plate,  whence  they  increase  very  rapidly  in  size  toward 
the  center  of  plate,  the  greater  part  of  whose  area  is  occupied  by 
blunt,  broadly  subcorneal,  unequal,  sometimes  tuberculate  granules,  of 
which  3  to  10  are  of  preeminent  size,  and  either  touch  or  are  very 
slightly  spaced,  the  groups  being  usually  wider  than  long— that  ifl» 
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transversely  oriented.  These  granules  increase  slightly  in  length  on 
the  outer  part  of  the  ray,  especially  on  the  marginal  plates,  1  to  4 
haying  the  form  of  blunt  conical  tubercles.  On  the  actinal  inter- 
mediate plates  the  granules  are  also  unequal,  several  in  the  middle 
of  plate  being  subtuberculate  and  only  a  little  smaller  than  the  adja- 
cent outer  series  of  adambulacral  tubercles.  At  the  base  of  the  ray 
8  or  9  granules  can  be  counted  across  the  widest  part  of  the  plate. 
Terminal  plate  dorsal  in  position,  subcircular,  or  a  little  wider  than 
long,  convex,  with  2  or  8  tubercular  prominences  in  a  transverse  series. 

Relatively  large  2- jawed  excavate  pedicellariae  occur  in  very  vari- 
able numbers  on  the  abactinal,  marginal,  and  actinal  intermediate 
plates.  They  are  more  numerous  in  the  cotype  than  in  the  type, 
there  being  1  or  sometimes  2  on  a  majority  of  the  plates.  The  form 
into  which  the  jaws  fit  when  open  is  of  the  usual  figure-8  shape, 
obliquely  and  longitudinally  oriented,  and  is  nearly  as  long  as  the 
plate.  Each  jaw  is  broadly  spatulate,  semicicular  distally,  broader 
than  m^O.  germam^  and  has  4  or  5  relatively  large  teeth  with  corre- 
sponding indentations  on  the  edge  of  the  form.  In  well- formed  pedi- 
cellariae the  diameter  of  distal  expanded  part  of  the  jaw  is  about  that 
of  the  large  granules.  The  alveolar  ^'  form  "  is  excavated  from  the 
plate  itself  and  has  a  conspicuously  elevated  rim.  The  exact  form 
jg  best  seen  from  the  figure  (pi.  95,  fig.  6a^&). 

Abactinal  papulae  do  not  reach  the  end  of  ray,  but  the  intermargi- 
nal  series  comes  within  about  8  superomarginal  plates  of  the  tip. 
Actinal  intermediate  series  extends  about  half  the  length  of  ray. 
Abactinal  and  intermarginal  papulae,  usually  3  to  an  area;  actinal 
intermediate  papulae,  8,  2,  and  1. 

Adambulacral  plates  wider  than  long,  obliquely  oriented;  furrow 
spines  2  flattened,  the  adoral  broadly  spatulate,  roundly  truncate, 
about  twice  as  long  as  breadth  at  tip,  the  aboral  slightly  shorter, 
much  narrower,  slightly  tapering,  and  blunt.  Forming  a  transverse 
oblique,  adorally  trending  series  with  the  larger  furrow  spine,  and 
without  intervening  granules,  is  first  a  shorter  compressed,  broad, 
round-tipped  granule,  then  a  longer,  much  thicker  ovoid  or  acorn- 
shaped  slightly  flattened  tubercle,  about  as  long  as  the  larger  fur- 
row spine,  but  much  more  conspicuous.  Between  these  consecutive 
transverse  series  is  a  transverse  series  (occasionally  2)  of  elongate, 
bluntly  pointed  granules;  and  external  to  the  series  of  tubercles  is  a 
less  regular  series  of  shorter  actinal  intermediate  tubercles,  inter- 
spersed with  a  few  longitudinally  oriented  pedicellariae.  The  outer 
adambulacral  tubercle  is  directly  behind  the  median,  and  that  is 
nearly  opposite  the  interval  between  the  adoral  larger  spine  of  one 
plate  and  the  aboral  spine  of  the  adjacent  (adoral)  plate.  This  is 
due  to  the  oblique  orientation  of  the  plates. 
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Madreporic  body  large,  with  irregular,  branched,  centrifugal  striae. 
It  is  situated  on  the  adradial  series  of  plates,  nearer  to  margin  than 
to  center  of  disk. 

Anal  aperture  surrounded  by  about  6  subtriangular  granules,  larger 
than  the  other  granules. 

Type.— C2it.  No.  32639,  U.S.N.M. 

Type-locality. — ^Port  Palapag,  north  coast  of  Samar;  no  record  of 
depth  or  bottom,  but  probably  collected  on  reef;  2  specimens. 

Distribution.— SsLmsLT  and  vicinity,  to  67  fathoms. 

Specifnens  examined. — ^The  types  and  a  very  small  specimen,  prob- 
ably belonging  to  this  species  from  station  5482,  Surigao  Strait,  east 
of  Leyte,  67  fathoms,  broken  shells,  sand,  green  mud. 

Remarks. — ^This  species  is  distinguished  from  the  great  majority 
of  Ophidiasters  by  having  the  adambulacral  armature  in  3  series. 
It  seems  to  require  comparison  chiefly  with  O.  pusiUus  Miiller  and 
Troschel,  from  which  it  differs  in  having  the  papular  areas  In  8, 
not  6,  longitudinal  series,  in  having  the  sheaths  of  the  pedicellariae 
toothed  to  correspond  with  the  serrate  blades,  not  entire  as  described 
by  Perrier  (1875,  p.  131).  The  granules  are  more  tuberculate  on  the 
center  of  the  plates,  especially  the  marginals,  and  the  inner  sub- 
ambulacral  spine  is  opposite  an  interval  between  2  furrow  spines, 
whereas  in  pusiUus  Perrier  states  that  this  spine  is  opposite  the 
smaller  of  the  furrow  spines.  0.  pttstulatus  von  Martens  is  described 
as  having  the  furrow  spines  in  3  series,  which  would  seem  to  ally  it 
with  the  present  form,  but  Doderlein  (1896,  p.  317)  believes  that  this 
species  is  identical  with  O.  purpurevs  Perrier,  which  is  figured  by  de 
Loriol  (1885,  p.  14,  figs.  3-3A).  O.  pwrpureus  has  the  adambulacral 
armature  in  2  series,  and  furthermore  is  characterized  by  having  a 
granule  between  the  furrow  spines  (and  facing  the  furrow),  a  isA- 
ture  which  it  shares  with  O.  cylindricus  Miiller  and  Troschel  and 
O.  squamyeus  Fisher.  If  Doderlein  is  correct,  O.  pustvlatus  is  not 
closely  related  to  O.  trychnus.  But  aside  from  this,  O.  pibstulaius  has 
longer  rays  (R=9  r)  a  more  uniform  granulation  (not  at  all  tubercu- 
late), and  less  numerous  subambulacral  spines. 

The  few  Indo-Pacific  species  of  Ophidiaster  having  the  adambu- 
lacral armature  in  3  longitudinal  series  along  the  ray  may  be  briefly 
contrasted  as  follows : 

a\  Some  of  the  abactinal  and  marginal  plates  with  a  central  tubercle,  or  sev- 
eral conspicuous  tuberculate  granules,  especially  on  the  distal  part  of 
the  ray. 
1)\  Excavate  pedicellariae  present;   subambulacral  spines  of  a  plate  con- 
tiguous. . 
c*.  Papulae  normally  in  6  longitudinal  series;  plates  with  single  central 
tubercle;  sheath  of  pedicellariae  with  margin  of  depression  entire, 
not  toothed  or  crenulate;  papular  areas  large  (except  in  young  speci- 
mens) with  10-12  pores O.  tuberifer^  Sladen 

(Andaman  Islands,  Sulu  Archipelago,  Torres  Straits). 
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c^.  Papulae  in  8  longitudinal  series;  plates  with  several  enlarged  tuber- 
culate  granules;  sheath  of  pedicellariae  with  crenulate  or  toothed 
margin ;  papular  areas  small  with  three  or  four  pores. 

0.  trychnui  Fisher  (Samar). 
h\  No  pedicellariae;  subambulacral  spines  of  a  plate  separated  by  granules. 

O.  omatu9  Koehler  (Ceylon). 

a\  Abactlnal  and  marginal  plates  without  tubercles  or  tuberculate  granules. 

Jj)\  Excavate  pedicellariae,  with   entire,   not  crenulate,  sheaths;   abactinal 

and  marginal  plates  not  strongly  convex  and  naked  centrally. 

O.  pusiUus  MtlUer  and  Troschel  (New  Caledonia,  Philippine  Islands). 

h\  No  pedicellariae;  abactinal  and  marginal  plates  tumid  or  nodose,  with 

naked  central  area O.  iriseriatus  Fisher  (Hawaiian  Islands). 

OPHIDIASTER  TUBERIFES  Sladen. 
OpTUdiaster  tubeiifer  Sladen,  1889,  p.  404,  plate  65,  figs.  1  to  4. 

Notes  on  Philippine  specimens. — ^There  are  two  specimens,  one 
quite  small  and  the  other  unusually  large.  Both  differ  from  typical 
0.  tuberifer^  but  nevertheless  seem  referable  to  this  species.  The 
smaller  example,  with  K  equaling  20  mm.,  differs  in  one  important 
respect  from  the  type.  In  Sladen's  specimens  the  papular  areas  are 
large,  with  10  to  12  or  sometimes  more,  papulae,  but  in  the  Philip- 
pine example  there  are  only  about  three  papulae  to  each  area.  The 
pedicellariae  are  a  little  larger  than  in  Sladen's  figure,  and  many  of 
the  adradial  plates  are  provided  with  a  central  tubercle.  The  gran- 
ules are  also  somewhat  coarser.  Whether  these  differences  are  racial 
or  fall  within  the  normal  age  or  individual  variation  of  O.  tuberifer 
can  not  be  determined.  The  presence  of  six  series  of  papular  areas, 
and  numerous  pedicellariae  with  smooth  bordered  sheaths,  together 
with  a  triseriate  adambulacral  armature  would  suggest  O.  pvsUlus 
Miiller  and  Troschel,  but  so  far  as  known  that  form  does  not  have 
central  tubercles  on  any  of  the  abactinal  or  marginal  plates.  In  the 
specimen  under  consideration  most  of  the  marginal,  carinal,  and 
many  of  the  distal  adradial  plates  (as  well  as  a  few  of  the  proximal) 
have  a  central  tubercle,  sometimes  two. 

The  measurements  of  the  larger  specimen  (station  6147)  are  as 
follows:  E=67  mm.,  r=9  mm.,  R  =  7.4  r;  breadth  of  ray  at  base,  10 
mm.  The  most  important  difference  presented  by  this  specimen  is 
the  irregularity  of  the  adambulacral  armature  which  is  biseriate  ex- 
cept for  a  short  distance  at  the  base  of  ray.  The  armature  appears 
to  be  demoralized,  as  there  is  no  regularity.  Many  plates  lack  sub- 
ambulacral spines  altogether.  When  one  is  present  it  is  usually  sep- 
arated from  the  furrow  spines  by  2  rows  of  granules;  when  2  are 
present,  which  is  relatively  seldom,  a  series  of  granules  separates 
them,  and  also  the  inner  from  the  furrow  spines.  The  outer  spine 
is  also  smaller  than  in  Sladen's  figures.  There  are  usually  2  but  some- 
times 3  furrow  spines,  the  adoral  the  largest.  The  carinal  series 
lacks  tubercles,  as  did  Eoehler's  Andaman  specimen.    The  granules, 
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pedicellariae,  papulae,  and  general  appearance  indicate  that  this 
specimen  is  O.  tuberifer  or  at  most  a  variety.  The  papular  areas 
are  large  and  in  6  longitudinal  series  with  upward  of  18  pores  to  an 
area  on  the  disk,  and  15  on  the  ray,  the  number  decreasing  toward 
the  end  of  ray. 

The  abundant  pedicellariae  would  readily  distinguish  this  speci- 
men from  O.  omatus  Koehler,  to  which  the  granules  between  the 
subambulacral  spines  would  suggest  an  alliance.  The  biseriate  and 
generally  irregular  character  of  most  of  the  adambulacral  armattue 
does  not  at  all  conform  to  the  triseriate  separated  armature  of 
omattis.    This  specimen  is  certainly  not  normal. 

Type. — ^In  the  British  Museum. 

Type-locality. — Challenger  station  186,  Torres  Strait,  off  Cape 
York,  8  fathoms,  coral  mud. 

Distribution. — ^Torres  Strait;  Andaman  Islands,  58  fathoma 
(Koehler) ;  Thursday  Island  (Doderlein) ;  Sulu  Archipelago. 

Specimens  ewaminsd. — ^Two : 

Station  5153,  off  Tocanhi  Point,  Tawi  Tawi  Group,  Sulu  Archi- 
pelago, 49  fathoms,  coral  sand,  shells. 

Station  5147,  8.4  miles  southwest  of  Sulade  Island  (near  Jolo), 
Sulu  Archipelago,  21  fathoms,  coral  sand,  shells. 

OPHTOIASTEB  DUBIOSUS  (Koehler). 

Plate  110,  fig.  2 ;  plate  111,  fig.  4. 
lAnckia  duoiosa  Koehleb,  1910a,  p.  155,  pL  18,  fig.  10,  11. 

Notes  on  Philippine  specimen. — ^In  the  possession  of  a  few  excavate 
slender  pedicellariae,  this  specimen  differs  from  the  type.  The  abac- 
tinal  plates  are  a  trifle  more  convex,  and,  as  noted  in  the  description 
below,  there  is  present  a  rudimentary  subambulacral  spine  or  granule 
near  the  tip  of  ray.  Otherwise  the  specimen  agrees  very  well  with 
the  description  given  by  Koehler.  To  be  sure  the  madreporic  body 
is  subtriangular,  but  that  is  always  subject  to  considerable  variation 
in  this  genus. 

The  species  may  be  characterized  as  resembling  O.  sderadernvs 
Fisher  and  O.  teneUus  Fisher,  but  with  more  tumid  and  more  regu- 
larly arranged  abactinal  and  marginal  plates,  few  or  no  pedicellariae, 
and  no  subambulacral  spines,  except  in  a  rudimentary  state  at  end 
of  ray. 

The  following  is  a  description  of  the  specimen : 

R=55  mm.,  r=7.5  mm.,  R=7.8  r;  breadth  of  ray  at  base,  8  to  8.5 
nmi.  Plates  arranged  in  very  regular  longitudinal  and  transverse 
series.  Abactinal  and  marginal  plates  roughly  shield-shaped,  nearly 
equal,  separated  by  very  regular  series  of  papular  areas,  6  in  alL 
Plates  evenly  convex,  the  sulcuses  separating  the  longitudinal  rows 
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of  plates  being  deeper  than  the  transverse  sutures.  Papular  areas 
much  smaller  than  the  plates,  containing  3  to  6  pores;  no  papulae  on 
actinal  surface.  Plates  overlaid  by  a  close  covering  of  nearly  uni- 
form small  granules,  about  20  in  the  diameter  of  a  proximal  carinal 
plate.  They  are  very  slightly  smaller  in  the  sulcuses  between  the 
plates.  A  very  few  alveolar  pedicellaxiae  with  slender  curved  jaWs 
are  present  on  abactinal  surface.  They  resemble  the  pedicellariae  of 
0.  sclerodermm  (Fisher,  1906,  pi.  31,  fig.  2). 

One  series  of  actinal  intermediate  plates  extends  nearly  to  tip  of 
ray,  a  second  series  about  half  length  of  rtiy,  and  a  third  series  to 
about  the  fourth  inferomarginal.  These  plates  are  covered  with 
a  dose  uniform  rather  fine  granulation  similar  to  that  of  the  abacti- 
nal and  marginal  plates. 

Adambulacral  plates  with  an  apparently  double  furrow  series  but 
no  subajnbulacral  spine  or  granule  until  near  the  tip  of  ray.  Proxi- 
mally  the  plates  have  3  short,  broad,  subtruncate  spinelets  set  slightly 
obliquely,  so  that  2  appear  to  be  on  the  edge  of  furrow,  and  the  third 
(which  is  the  adoral)  back  slightly,  partly  behind  the  middle  spine 
of  its  own  plate  and  the  aboral  spine  of  the  adjacent  adoral  plate. 
This  spinelet  is  a  little  heavier  than  the  other  2,  which  are  marked 
by  a  shallow  sulcus  running  the  whole  length.  On  the  outer  third 
of  ray  a  fourth  granule,  subspherical,  and  similar  to  the  adoral 
granule  just  spoken  of,  stands  obliquely  adorad  of  the  latter  and  rep- 
resents apparently  the  true  suboral  spine.  It  forms  with  the  median 
and  adoral  furrow  spine  (the  latter  being  off  the  furrow  margin) 
an  oblique  transverse  series,  usually  without  intervening  granules. 
Throughout  most  of  the  ray,  therefore,  there  is  only  the  double  fur- 
row series,  the  true  subambulacral  granule  appearing  in  a  rudimen- 
tary form  at  the  end  of  ray. 

Madreporic  body  subtriangular,  slightly  nearer  the  margin  than 
center  and  marked  by  fine,  irregular,  radiating  striae. 

Color  in  alcohol,  light  brown  mottled  with  darker,  the  sulcuses  fre- 
quently marked  with  darker  brown. 

Type-locality. — ^Andaman  Islands. 

Distribution. — ^Andaman  Islands  and  Surigao  Strait,  to  67  fathoms. 

Specimen  examined. — Station  6482,  Surigao  Strait,  east  of  Leyte 
(4.5  miles  southeast  of  Cabugan  Grande  Island),  67  fathoms,  broken 
shells,  sand,  green  mud. 

Remarks. — ^Despite  slight  points  of  difference,  such  as  the  posses- 
sion of  a  very  few  pedicellariae,  I  think  the  Philippine  specimen  is 
referable  to  Koehler's  species,  the  type  of  which  is  smaller  (E=28 
mm.).    This  would  partly  account  for  the  absence  of  pedicellariae. 

I  have  placed  the  species  in  Ophidiaster  because  the  plates  are  very 
regularly  arranged  in  longitudinal  series,  a  few  pedicellariae  are 
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present  very  similar  to  those  of  O,  acHeroderrwus^  and  lastly  because 
near  the  extremity  of  the  ray  a  rudimentary  subambulacral  spine  or 
granule  makes  its  appearance.  I  recall  that  the  species  presents 
several  analogies  to  Linckia;  it  will  not  be  surprising  if  the  genera 
actually  intergrade. 

O.  dvhio9U8  resembles  O.  rhabdotus  Fisher  (Hawaiian  Islands)  but 
the  latter  has  an  actinal  series  of  papular  pores  (8  series  in  all)  and 
large,  spatulate  subambulacral  spines.  O.  sclerodermus  Fisher  and 
O.  tenellus  Fisher  (Hawaiian  Islands)  and  O,  ttimescens  Koehler 
(Aru  Islands)  are  characterized  by  having  no  actinal  papulae,  but 
all  three  are  provided  with  well  developed  subambulacral  spines. 
In  fact  the  absence  of  these  in  O.  dubioms  separates  it  from  all 
other  Ophidiasters. 

I  have  never  seen  Ophidiaster  pysUihis  (Miiller  and  Troschel),  but 
judging  by  Perrier's  observations  (1876,  p.  128)  that  species  resem- 
bles a  Linckia.  Perrier  states  that  in  certain  respects  its  adambula- 
cral  armature  is  intermediate  between  that  of  Linckia  and  Ophi- 
diaater.  The  pedicellariae  have  a  different  form  to  those  of  duMosuSy 
being  shorter  and  denticulate. 

Genus  LEIASTER  Peters. 

Leiaster  Peters,  Monatsber.  d.  k.  preuss,  Akad.  d.  Wlss.  Berlin,  Apr. 
p.  177.    Type,  L.  ooriaceu8  Petets. 


LEIASTEB  ANALOGUS  ] 

Plate  84,  fig.  1 ;  plate  95,  fig.  7;  plate  112,  fig.  1. 
Leiaster  analogus  Fishes,  1913o,  p.  215. 

Diagnosis. — ^Resembling  Z.  coriaoeus  Peters  in  having  grooved  fur- 
row spines,  but  differing  in  having  longer,  slenderer  rays,  numerous 
pedicellariae,  and  the  abactinal  papulae  in  very  definitely  circum- 
scribed areaa  Differing  from  other  species  of  Leiaster  in  having 
channeled  furrow  spines.  B=:125  mm.,  r=13.5  mm.,  B=9  r;  breadth 
of  ray  at  base,  15  mm.  Rays  unequal,  the  longest  8.5-9  times  as  long 
as  width  of  ray  at  base. 

Description. — General  form  closely  resembling  that  of  Z.  leaelm. 
Whole  body  overlaid  by  thick  tough  skin  obscuring,  unless  dried,  the 
outlines  of  the  4-lobed,  smooth  plates,  which  are  arranged  in  regu- 
lar longitudinal  and  transverse  series.  There  are  7  longitudinal 
series  of  abactinal  and  marginal  plates,  and  on  either  side  2  series  of 
smaller  actinal  intermediate  plates,  11  series  in  all.  Pedicellariae 
very  inconspicuous  unless  specimen  is  dry;  after  drying  they  become 
conspicuous.  They  are  situated  on  the  edge  of  the  plates  or  on  mar- 
gin of  papular  areas,  and  each  consists  of  2  very  slender  spatulate 
curved  jaws  which  fit  into  smooth  depressions  of  a  roughly  crescent- 
shaped  calcareous  piece,  embedded  in  the  skin.    One  to  4  of  these 


Digitized  by  VjOOQIC 


STABFISHES  OF  THE  PHILIPPINE  SEAS.  397 

are  present  on  most  of  the  papular  areas.  Each  apparatus  is  about 
one-fourth  or  one-fifth  the  transverse  diameter  of  the  plate  in  length. 
A  few  calcareous  grains  are  scattered  in  the  skin  of  the  papular  areas 
and  can  be  seen  only  when  specimen  is  dry.  There  are  no  granules 
whatever  on  surface  of  plates  as  in  L.  leachii. 

Papular  areas  slightly  sunken,  in  8  regular  longitudinal  series^ 
each  area  before  drying  appearing  slightly  larger  than  the  adjoining 
plates;  after  drying,  slightly  smaller.  Before  drying  the  areas  of  a 
series  appear  to  be  nearly  or  quite  confluent;  after  drying  they  be- 
come sunken  and  this  appearance  is  lost.  There  are  15  to  35  pores  to 
an  area. 

Adambulacral  spines  slender,  of  uniform  width,  truncate  or  round- 
tipped,  subequal,  and  one-half  to  one-third  longer  than  the  base  line 
of  the  comb.  They  are  marked  by  a  shallow  grove  from  near  the 
base  to  near  the  tip — the  groove  not  reaching  either  end.  This  mark- 
ing is  best  shown  on  the  proximal  half  of  ray,  being  often  rather 
faint  on  the  spines  of  the  distal  half.  Three  is  the  commonest 
number,  but  many  plates  of  the  type  have  4.  The  furrow  spines  are 
united  by  a  continuous  membrane,  their  tips  forming  a  scalloped  edge 
to  the  furrow  margin.  The  actinal  spine  is  heavy,  subcylindrical,  and 
a  little  longer  than  the  furrow  spines,  having  often  a  slightly  swollen 
and  flattened  tip.  On  the  outer  part  of  the  ray  the  spine  usually 
skips  2  plates,  but  at  the  base  frequently  occurs  on  every  other  plate. 
One  specimen  has  4  rays,  the  rest  5. 

Type.— Cat.  No.  32640,  tr.S.N.M. 

Type-locality. — Station  5165,  off  Observation  Island,  Tawi  Tawi 
Group,  Sulu  Archipelago,  9  fathoms,  coral ;  4  specimens. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — This  form  agrees  with  Leiaster  coriaceics  Peters  in 
having  grooved  furrow  spines.  It  differs  from  coriaceus  in  having 
abundant  pedicellariae,  longer,  slenderer  rays,  less  flattened  dorsally, 
in  having  the  abactinal  papulae  in  perfectly  circumscribed  areas  (not 
scattered  indefinitely  everywhere),  and  in  having  the  furrow  spines 
untapered  and  truncate.  The  skeleton  appears  to  be  more  regular  than 
in  adults  of  coriaceus.  L.  analogies  differs  of  L.  leachii  in  having 
perfectly  smooth  plates,  not  finely  granulated  ones,  in  having  more 
numerous  and  grooved  adambulacral  furrow  spines,  and  in  having^ 
abundant  pedicellariae.  L.  speciosus  is  described  as  differing  from 
L.  leachii  only  in  possessing  pedicellariae.  On  account  of  the  pres- 
ence of  pedicellariae  I  was  at  first  inclined  to  regard  analogic  as  a 
race  of  speciosus^  but  if  speciosus  is  really  so  close  to  leachii  the  rela- 
tionship of  analogus  can  not  be  in  that  direction,  for  it  lacks  the  fine 
granules  figured  and  described  by  de  Loriol  as  characterizing  the 
plates  of  leacTm;  moreover  both  leachii  and  speciosus  have  only  2. 
imgrooved  furrow  spines,  while  coriaceus  and  analogus  have  3  (or  4) 
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grooved  spines.    Apparently,  then,  analogue  bears  much  the  same 
relation  to  coriaoeua  as  speciosus  does  to  leaohiL   On  the  other  hand, 
in  the  form  of  the  ray  and  the  regularity  of  its  plates,  analoffus  re- 
sembles more  nearly  leaohiL 
L.  gldber  and  L.  calUpeplus  lack  pedicellariae  and  have  furrow 

spines  without  grooves. 

GenuB  BUNASTER  Doderlein. 

Bumuter  D5derlein,  1806,  p.  817,  pi.  22,  figs.  lo-^.    Type,  B.  ritteri  DOder- 
lein. 

BUNASTER  UTHODBS  FialMr. 

Plate  95,  figs.  8,  8<i^& ;  plate  124;  fig.  4. 
BunoBter  Uthodes  Fishxb,  1917&,  p.  91. 

Diagnosis. — ^Very  close  to  B.  rttteri  in  general  appearance,  but 
differing  in  lacking  the  curious  ball-and-socket  granules  of  that 
form,  and  in  having  abundant,  low,  bivalved  pedicellariae  on  the 
papular  areas,  and  a  few  narrow  spatulate  tongs-shaped  pedicellariae 
on  the  abactinal  plates;  outer  actinal  intermediate  plates  larger  than 
the  inner,  and  subambulacral  spines  slightly  narrower;  granules 
between  the  naked  areas  of  plates  smaller  and  more  numerous. 
R  =  22  mm.,  r  =  5  mm.,  R  =  4.4  r ;  breadth  of  ray  at  base,  6  mm. 

Description. — In  the  arrangement,  form,  and  surface  of  plates 
very  similar  to  typical  Bunaster  ritteri^  but  on  account  of  the  speci- 
men being  much  larger  than  the  type  of  ritteri^  the  intermarginal 
and  adradial  plates  extend  farther  along  the  ray,  and  the  second,  or 
outer,  actinal  intermediate  series  is  lacking  only  on  a  trifle  less  than 
the  terminal  third  of  the  ray.  The  number  of  plates  in  each  of  the 
marginal  and  in  the  radial  series  has  increased.  The  form  of  the 
naked  part  of  the  plates  is  best  seen  in  the  photograph.  They  re- 
semble, in  miniature,  irregular  boulders  set  in  coarse,  pebbly  mortar. 
The  surface  of  the  plates,  like  that  described  and  figured  for  ritteriy 
is  rough  with  regular  microscopic  bosses  which,  wheA  viewed  under 
the  microscope,  remind  one  very  strongly  of  the  compound  eye  of 
an  insect.  These  bosses  decrease  in  size  toward  the  middle  of  the 
plate,  and  are  found  also  on  the  surface  of  granules.  The  larger 
plates  also  have  whitish  swellings  on  the  surface,  sometimes  elongate, 
sometimes  small,  roundish,  and  upward  of  5  or  6  in  number.  Abac- 
tinally  the  plates  are  separated  on  the  oblique  transverse  sutures  by 
2  or  3  series  of  granules,  and  usually  by  3  to  5  along  the  longitudinal. 

Superomarginals  17  or  18;  inferomarginals  the  same;  visible  inter- 
marginals  about  18  or  14.  A  second  row  of  intermarginals  consist- 
ing of  about  8  small  plates  is  found  in  the  arm-angle  ventral  to  the 
main  series.  Both  supero-and  inferomarginals  are  oriented  as  in 
ritteri — obliquely  with  the  actinal  end  pointing  toward  the  mouth, 
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and  the  relative  size  and  form  of  the  exposed  surface  is  as  in  ritteri. 
The  inferomarginals  are  nearly  elliptical  and  narrower  than  the 
superomarginals  which  are  oval,  the  broad  end  actinad.  Terminal 
plate  large,  almost  identical  with  that  of  ritteri. 

The  outer  row  of  actinal  intermediate  plates  has  the  exposed  sur- 
face, which  is  elliptical  or  roundish,  conspicuously  larger  than  that 
of  the  inner  row,  at  least  for  half  the  length  of  ray.  The  outer  series 
extends  about  two-thirds  the  length  of  ray,  and  2  or  8  irregular 
series  of  granules  separate  them  from  the  inferomarginals,  and  1 
or  2  from  the  inner  series,  while  transversely,  the  plates  of  each 
series  are  separated  by  2  or  3  rows  of  granules. 

Each  adambulacral  plate  has  2  furrow  spines,  rounded  truncate, 
about  twice  as  long  as  broad,  and  the  adoral  a  trifle  narrower  than 
the  other.  The  subambulacral  spines  are  narrower  than  fig&red  for 
ritteri^  elliptical  in  shape,  separated  from  the  furrow  spinelets 
(which  extend  above  the  level  of  the  granules  for  about  half  their 
length)  by  usually  a  single  series  of  granules,  and  from  one  another 
by  1  or  2  series.  Usually  at  the  base  of  the  spines  in  the  interval 
between  them  is  an  enlarged  granule  which  is  most  prominent  6n 
the  middle  third  of  the  ray.  These  granules,  which  vary  in  size 
from  2  to  5  times  the  diameter  of  the  others  usually  are  separated 
from  the  adjacent  spines  by  a  single  series  of  very  small  granules. 

Papular  areas  in  10  longitudinal  series  with  usually  3  papulae  to 
an  area:  4  abactinal,  2+2  intermarginal,  and  1+1  actinal  interme- 
diate. 

The  peculiar  sphaeridialike  structures  described  as  pedicellariae 
by  Doderlein  in  B,  ritteri  seem  to  be  entirely  absent.  But  each 
papular  area  has  1  to  8  low  bivalved  pedicellariae,  whitish  in  color, 
and  each  valve  is  about  1.5  to  2  times  the  size  of  an  adjacent  granule. 
The  contour  of  the  pedicellaria  is  that  of  a  fairly  broad  ellipse  with 
the  ends  truncated.  A  few  of  the  abactinal  and  marginal  plates 
have  a  tongs  pedicellaria  with  two  slender  spatulate  jaws,  1.5  to  2.5 
times  as  long  as  their  breadth  at  base,  which  fit  into  conspicuous  de- 
pressions of  the  plate  when  open.    (See  figs.  8<35-&,  pi.  95.) 

The  madreporic  body,  just  outside  a  primary  basal  plate  has 
branched  radiating  ridges  and  narrow  deep  striae. 

Color  of  dried  specimen,  burnt  umber  marbled  on  the  rays  with 
Naples  yellow. 

Type. — ^No.  2498,  Museum  of  Comparative  Zoology. 

Type-loeaUty. — ^Apo  Beef,  Mindoro  Strait,  Philippines. 

Specimen  exa/mned. — The  type  is  the  only  known  specimen. 

Remaarka. — ^I  am  greatly  indebted  to  Dr.  H.  L.  Clark  for  permis- 
sion to  describe  and  figure  this  form,  which  was  not  taken  by  the 
Albatros8  expedition. 

Btmaster  ritteri  is  from  Amboina. 
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Genus  LINCKIA  Nardo. 

IAn[c]kia^  Nabdo,  Oken's  Isls,  1834,  p.  717.    Type,  L.  typus  Nardo=L.  lae- 
vigata (Linnaeus). 

KEY  TO  THE  SPECIES  OF  LINCKIA  HEBBIN  LISTED. 

a\  Furrow  spines  separated  by  several  granules  in  a  perpendicular  series. 
b  \  In  large  specimens  R=more  than  6  r ;  rays  9  times  as  long  as  wide;  papu- 
lar areas  numerous,  small,  about  the  size  of  the  plates,  6  to  12  pores ; 
no  median  radial  area  free  from   papular   areas;   2  or  3  madreporic 

bodies mulHfora,  p.  400. 

b '.  R=about  6  r ;  rays  5  times  as  long  as  wide ;  papular  areas  superfidally 
larger  than  the  plates;  a  median  radial  area  free  from  papular  areas; 

1  madreporic  body laevigata,  p.  400. 

a  \  Furrow  spines  not  separated  by  several  granules  in  a  perpendicular  series. 

guUdingU,  p.  401. 

^  LINCKIA  LAEVIGATA   (Linnaeu). 

A8terias  laevigata  Linnaeus,  1858,  p.  662. 
lAnckia  laevigata  Lutken,  1871,  p.  265. 

Specimens  exaanined, — Twenty-four  from  the  following  localities: 

Apra  Bay,  Guam,  4. 

Tilig,  Lubang  Island,  off  Luzon,  coral  reef,  2. 

Pandanon  Island,  between  Cebu  and  Bohol,  coral,  2. 

Port  Palapag,  Samar,  1. 

Port  Langcan,  Dumaran  Island,  eastern  Palawan,  coral,  1. 

Machesi  Island,  eastern  Palawan,  coral,  1. 

Tara  Island  (small  island  off  west  coast),  Mindoro  Strait,  2. 

Tataan  Pass,  Simaluc  Island,  Tawi  Tawi  Group,  Sulu  Archipelago, 
shore,  6. 

Station  5558,  Cabalian  Point,  Jolo  Island,  15  fathoms,  coral,  L 

Balayan  Bay,  shore,  1. 

West  coast  Palani  Island,  2. 

No  locality,  1. 

Distribution. — ^Red  Sea,  Mozambique,  Mauritius,  Zanzibar,  Per- 
sian Gulf,  Madras,  Andaman  Islands,  Flores,  Timor,  Celebes,  Batjan, 
Philippines,  Amboina,  New  Guinea,  New  Caledonia,  Guam,  Caroline, 
Piji,  Samoan  and  Hawaiian  Islands. 

LINCKIA  MULTIFORA  (Lamarck). 

Asterias  multifora  Lamabck,  1816,  p.  665. 
lAncbia  multifora  LI^tken,  1871,  p.  267. 

Specimens  examined. — Three  from  the  following  localities : 
Bay  of  Apra,  Guam. 

Tomahu  Island,  near  Bouro  Island,  Molucca  Islands,  tide  pools. 
Papatag  Island,  Tawi  Tawi  Group,  Sulu  Archipelago. 

1  Johannes  Gistel,  NatnrgeBctiiclite  des  ThierrelchB,  1848,  makes  a  new  genns  VndtM 
for  Linkia  Nardo.  UndUia  is  preoccnpied  In  fishes.  He  also  makes  a  new  genus 
Catantes  for  "Lincfcia  Agassis."  In  other  words,  he  coins  two  new  names  for  the  same 
generic  group.    There  was  no  necessity  for  these  new  names. 
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Distribution. — ^Bed  Sea,  Mozambique,  Mauritius,  Sulu  Archipelago, 
Celebes,  Molucca  Islands,  Amboina,  New  Caledonia,  Fiji,  Samoa, 
Guam,  Hawaiian  Islands. 

Bemarks. — The  specimen  from  Tomahu  Island  is  a  comet  form, 
and  has  only  a  very  few  granules  between  the  furrow  spines.  The 
subambulacral  series  of  enlarged  granules  is,  however,  separated 
from  the  furrow  spines  by  1  or  2  series  of  small  granules.  Thfi  ex- 
ample from  Papatag  Island  is  quite  small  (R=26  mm.)  and  no 
granules  have  yet  appeared  between  the  furrow  spinelets.  This  speci- 
men would  be  classified  as  Z.  ehrenbergii  if  the  subambulacral  en- 
larged granules  were  not  well  spaced  from  the  furrow  spines;  in 
L.  ehrenhergii  they  are  contiguous. 

These  three  specimens  appear  to  be  quite  distinct  from  a  young 
Z.  laevigata  (R=25  mm.)  from  station  5558.  The  latter  has  a  median 
radial  area  free  from  papulae  and  1  madreporic  body;  the  8  speci- 
mens of  nmltifora  have  2  madreporic  bodies,  and  no  median  radial 
area  free  from  papulae. 

UNCKU  GUILDINGn  Gnj. 

Linckia  guildingii  Gbay,  1840,  p.  285  (St.  Vincent). 
Linckia  paciflca  Gbay,  1840,  p.  285  (Tahiti). 
Linckia  diplax  MthxEB  and  Tboschel,  1842,  p.  30. 

One  specimen  with  R  equaling  215  mm.  from  Jolo  (shore). 

Distribution. — West  Indies,  Bermuda,  Vera  Cruz,  Bahia,  Abrol- 
hos  Reefs,  Cape  Verde  Islands,  Mauritius,  Madagascar,  Persian  Gulf, 
Andaman  Islands,  East  Indies,  Tahiti,  New  Caledonia,  Fiji,  Tonga, 
Samoan,  and  Hawaiian  Islands. 

Remarks. — Linckia  gvaldvngii^  L.  paciflca,  and  L.  diplax  have 
been  separated  on  the  basis  of  very  variable  characters,  such  as  the 
number  of  madreporic  bodies  and  length  of  ray.  No  one  has  been 
successful  in  pointing  out  any  constant  differences  of  importance 
between  L.  guildingii  and  L.  paciflca.  Much  the  same  difficulties  have 
been  encountered  in  separating  diplax  and  paciflca^  while  guildingii 
and  diplax  are  practically  identical,  even  to  the  duplication  of  the 
madreporic  body. 

The  specimen  collected  by  the  Albatross  is  large,  has  one  madre- 
poric body,  and  would  therefore  be  ranked  with  L.  pacifioa  of 
authors. 

Family  GANERIIDAE  Perrier. 

Genus  TARAOHASTER  Fisher. 

Tarachaster  Fisheb,  1915c,  p.  216.    Type,  T,  temiis  Fisher. 

Diagnosis. — ^Rays  slender,  disk  small;  dorsolateral  plates  4-lobed, 
imbricated  in  regular  transverse  and  longitudinal  series;  plates 
of  median  radial  region  mostly  3-lobed,  irregularly   imbricated^ 
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margmal  plates  actinal  in  position,  separated  from  adambulacrals 
over  most  of  ray  by  a  single  series  of  actinal  intermediate  plates, 
and  on  disk  by  small  plates  in  transverse  series;  actinal  interradial 
areas  small ;  papulae  single  in  the  small  interspaces  between  abactinal 
plates;  plates  convex  and  armed  with  a  group  of  short,  blunt,  spine- 
lets  resembling  parapaxillae  or  pseudopaxillae,  15  to  20  to  a  plate; 
mai^ginal  and  actinal  spinulation  compact;  adambulacral  plates  smull 
with  slightly  curved  furrow  margin;  spines  small,  crowded,  grading 
into  actinal  spinulation;  proximally  6  or  6,  distally  3  or  4  furrow 
spines,  with  2  to  4  crowded  series  each  of  2  or  3  subambulacral  spines. 
Well-developed  superambulacral  ossicles;  ampullae  double;  tube  feet 
rather  small,  with  well-developed  sucking  disks. 

Remarks. — It  is  difficult  to  place  this  genus.  The  presence  of 
double  ampullae,  closely  placed  and  regularly  imbricated  plates,  and 
presence  of  superambulacral  ossicles  debar  it  from  the  Echinaster- 
idae.  The  two  other  available  families  are  the  Ganeriidae  and  Aster- 
inidae.  While  Tarachaater  resembles  Nephanthia  superficially,  on 
account  of  the  radial  zone  of  irregularly  arranged  plates,  I  think  its 
relationships  are  more  with  the  Ganeriidae.  Superambulacral  ossicles 
have  not  been  reported  in  either  the  Ganeriidae  or  Asterinidae.  The 
imbricated  pseudopazillae,  with  definite  lobes,  the  definite  but  not 
particularly  conspicuous  marginals,  the  actinal  intermediate  plates 
in  transverse  colunms,  and  the  character  of  the  adambulacral  arma- 
ture are  not  dissimilar  to  these  features  in  the  Ganeriidae.  The 
slender  rays  and  very  reduced  actinal  interradial  areas  are  new  to 
the  Ganeriidae,  but  in  the  Asterinidae  a  parallel  case  is  found  in 
NeparUhia^  where  the  character  varies  within  the  genus.  But  Tara- 
chaster  does  not  seem  to  me  to  be  closely  related  to  any  known  genus 
of  the  Ganeriidae.  The  superambulacral  plates  remain  something 
of  a  problem. 

TARACHASTEB  TENUIS  rbher. 

Plate  41,  figs.  7,  7a;  plate  120,  fig.  4;  plate  121,  fig.  8;  plate  126,  fig.  1. 
Tarachaster  tewuiB  Fishkb,  1918c,  p.  216. 

Diagnosis. — ^Rays  6.  R=67  mm.,  r=12  nun.,  R=  5.6+r ;  breadth  of 
ray  at  base  14  mm.;  rays  depressed,  rather  slender,  long,  bluntly 
pointed ;  disk  small ;  sides  of  ray  rounded  and  occupied  by  the  abac- 
tinal plates;  abactinal  plates  small,  those  on  disk  and  along  radial 
area  of  ray  irregularly  three-lobed,  imbricating;  dorsolateral,  lateral, 
and  narrow  portion  of  ventral  surface  occupied  by  four-lobed  plates 
in  about  10  longitudinal  series  at  base  of  ray,  also  forming  transverse 
series;  3  series  of  larger  plates  adjacent  to  adambulacrals,  the  outer 
two  being  the  marginals;  plates  covered  by  small,  stout,  upright, 
round-tipped,  often  clavate,  close-set  spinelets  in  groups  resembling 
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low  parapaxillae,  15  to  20  to  a  group;  single  papulae  between  the 
abactinal  plates;  adambulacral  plates  small,  armature  dense,  upright, 
the  spinelets  grading  from  the  furrow  series  into  those  of  the  actinal 
intermediate  and  marginal  plates;  furrow  spines  proximally  5  or 
6,  distally  4  or  6,  prismatic  or  four-sided,  blunt  or  truncate,  the  proxi- 
mal and  distal  shorter  than  the  central  8  or  4;  subambulacral  spines 
in  2  or  8,  sometimes  4,  series,  with  2  or  8,  or  proximally  4,  shorter, 
less  stout  spines  in  each  series.  General  appearance  suggestive  of  a 
Eenricia  with  closely  placed  plates. 

Description. — ^The  center  of  disk  and  a  broad  radial  streak  is  paved 
with  close-set,  irregularly  placed  plates  bearing  a  paxilliform  group 
of  16  to  20  short,  cylindrical,  untapered,  round-tipped  spinelets  either 
standing  erect  or  diverging.  On  either  side  and  occupying  the  dorso- 
lateral, lateral,  and  part  of  actinal  surface  are  10  longitudinal  series 
of  close-set  plates  which  also  form  regular  transverse  series,  and 
each  bears  a  roundish,  flat-topped,  paxilliform,  group  of  15  to  20 
short,  equal,  blunt  spinelets,  in  every  way  similar  to  those  of  the 
radial  areas.  As  noted  above  the  plates  are  not  arranged  in  quincunx, 
but  in  fours,  four  of  them  forming  a  nearly  perfect  square.  At  the 
comers  of  the  regularly  arranged  plates  as  well  as  on  the  radial 
areas  and  disk  are  single  papulae.  Adjacent  to  the  adambulacral 
plates,  and  actinal  in  position  are  8  series  of  close-set,  rather  irregu- 
larly elliptical  plates,  abruptly  larger  than  the  dorsolaterals  and 
without  papulae  between  them.  The  outer  2  are  the  marginals  and 
the  inner  series  is  actinal  intermediate.  The  superomarginals  are 
slightly  the  largest. 

The  marginal  and  the  actinal  intermediate  plates  on  the  ray, 
usually,  also  form  pretty  definite  transverse  series  and  all  are  cov- 
ered closely  with  short,  relatively  thick,  round-tipped  spinelets  a 
trifle  larger  than  the  dorsolateral  spinelets.  The  spinelets  form  not 
very  regular  4-sided  groups — about  20  to  a  plate.  On  the  disk 
several  additional  series  of  small  actinal  intermediate  plates  are  in- 
terpolated so  that  the  marginals  withdraw  to  about  the  middle  of  r, 
and  become  smaller  as  the  interradial  line  is  approached  so  that  it  is 
di£Scult  to  distinguish  them  except  that  the  superomarginals  are  here 
larger  than  the  dorsolateral  plates  (here  actinal  in  position).  The 
latter  also  become  smaller  on  this  actinal  interradial  portion  of  the 
disk,  and  the  papulae  are  lacking  proximad  of  the  tenth  supero- 
marginal. 

Between  the  first  superomarginal  and  'second  adambulacral  of 
each  ray  are  6  intermediate  plates.  Opposite  the  first  adambulacral 
is  a  short  series  joining  a  couple  of  unpaired  plates  so  as  to  form  a 
Y-shaped  group.  A  large  plate  just  back  of  the  mouth  plates  is 
embraced  by  the  arms  of  the  Y.  Opposite  the  seventh  inferomar- 
ginal  are  2  intermediate  nlates  in  a  transverse  row.    Opposite  the 
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sixteenth  plate  there  is  but  a  single  plate  between  the  inf eromar- 
ginals  and  adambulacrals.  This  single  longitudinal  series  persists 
to  within  about  12  nun.  of  the  tip  of  ray.  Between  the  first  and 
seventh  inferomarginals  the  number  of  plates  in  the  transverse  se- 
ries decreases  from  6  to  2.  The  whole  actinal  interradial  area 
proper  is  very  small,  as  half  of  the  actinal  surface  of  the  disk  is 
occupied  by  ^^  abactinal "  plates. 

If  a  portion  of  the  abactinal  skeleton  is  denuded  and  cleared  the 
irregular  plates  of  the  median  portion  of  ray  are  seen  to  be  mostly 
3-lobed  and  very  strongly  but  irregularly  imbricated.  The  plates 
themselves  are  not  of  uniform  size  and  scarcely  2  are  of  exactly  the 
same  shape.  The  dorsolateral  plates,  on  the  contrary,  are  regularly 
4-lobed  and  the  proximal  longitudinally  directed  lobe  overlies  the 
corresponding  distal  lobe  of  the  next  plate  adorad,  while  the  trans- 
verse lobe  directed  toward  the  radial  line  overlaps  the  external  lobe 
of  the  next  plate.  The  dorsolateral  papulae  occupy  singly  the  small 
interspaces  and  are  consequently  in  regular  longitudinal  and  trans- 
verse series. 

Adambulacral  plates  small,  close-set,  with  a  slightly  curved  fur- 
row margin.  The  adjacent  actinal  intermediate  plate  encroaches 
upon  the  surfaccf  which  is  usually  a  little  longer  than  wide.  Fur- 
row spines  proximally  5,  the  3  median  3-sided  or  quadrate  in  section, 
round-tipped  or  truncate;  the  proximal  and  distal  spines  are  shorter; 
usually  the  distal  is  about  one-third  or  one-half  as  long  as  adjacent 
spine  and  the  proximal  about  one-half  or  three-fourths.  The  first 
few  plates  usually  have  the  spines  more  flattened  at  the  end.  Occa- 
sionally there  are  6  spines  and  distally  usually  5  or  4.  Just  back  of 
the  furrow  spines  (which  stand  upright)  are  3  or  4  shorter  spinelets 
with  thicker  ends,  and  back  of  these  about  3  or  4  slightly  smaller 
spines,  which  stand  so  near  the  actinal  intermediate  plate  that  it  is 
difficult  to  determine  sometimes  to  which  plate  they  belong.  The 
plates  at  about  the  middle  of  ray  have  3  or  4  longitudinal  series  of 
spines,  2  or  3  in  each  series.  The  adambulacral  spines  are  all  blunt, 
very  close-set,  and  they  grade  from  the  furrow  spine  into  the  actinal 
intermediate  spines. 

Mouth  plates  very  small  with  nearly  straight  furrow  margin  bear- 
ing 5  to  7  compressed  furrow  spines  with  broad  tips  and  edge 
to  furrow,  heavier  than  the  adambulacral  spines,  and  increasing 
slightly  in  length  toward  the  inner  angle.  Behind  these  on  each 
plate  is  a  row  of  4  or  5  "smaller  subambulacral  spines  which  occupy 
about  all  of  the  remaining  surface  of  the  plate. 

Madreporic  body  small,  surrounded  by  6  plates  of  which  1  on 
the  adcentral  side  is  largest,  and  situated  slightly  adcentral  to  the 
middle  of  r. 
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Superambulacral  plates  present.  These  are  attached  to  the  lower 
end  of  the  ambulacral  ossicles  and  the  upper  end  is  subtruncate  and 
often  broader  than  the  lower,  which  is  more  or  less  rounded. 

Typ^.— Cat.  No.  32642,  U.S.N.M. 

Tyfe-locaUty. — Station  5648,  off  Point  Tagolo,  northern  Minda- 
nao, 162  fathoms,  sand ;  bottom  temperature,  54.5°  F. 

Distribution. — Known  only  from  the  type-locality. 

Family  METRODIRIDAE  Fisher. 

Metrodirinae  Sladen,  1889,  p.  415. 

Meirodiridae  Fishxb,  1917(1,  p.  171. 
Diagnosis. — Whole  skeleton  overlaid  by  a  rather  thin  skin  par- 
tially obscuring  the  outlines  of  the  plates;  rays  slender;  abactinal 
plates  tessellate,  partly  imbricated,  with  small  spines;  marginal 
plates  large,  forming  side  wall  of  ray,  there  being  1  or  more  series 
of  intermarginal  plates  on  the  proximal  part  of  ray ;  actinal  inter- 
mediate plates  reduced  to  one,  between  mouth  plates  and  infero- 
marginals;  papulae  isolated,  strictly  abactinal;  tube  feet  with  suck- 
ing disk  devoid  of  calcareous  deposits;  ampullae  single;  interbra- 
chial  septa  rudimentary,  practically  absent. 

GeniiB  METRODIRA  Gray. 

Metrodira  Gray,  1840,  p.  282.    Type,  Metrodira  suhvlata  Gray. 
Soaphasier  de  Lobiol,  1899,  p.  27,  pi.  8,  fig.  1.    Type,  Scaphaster  humberti 
DE  Lobiol. 

This  puzzling  genus  was  placed  in  the  Linckiidae  by  Sladen  (1889, 
p.  415),  and  other  authors  have  followed  his  lead. 

It  shows  an  outward  resemblance  to  the  Asteropidae,  however, 
barring  the  single  fact  of  the  very  slender  rays.  De  Loriol  (1899, 
p.  27)  described  a  very  young  example  as  a  new  genus  which  he 
placed  in  the  Gymnasteridae  (= Asteropidae)  near  Asteropsis 
(=Petricia). 

Sladen  stated  that  ^^  its  external  f  acies  and  general  structure  ap- 
pear to  indicate  an  intermediate  position  between  the  Linckiidae 
and  Echinasteridae." 

Unfortunately  the  specimens  at  my  disposal  are  small.  The  char- 
acters which  would  lead  one  to  place  this  genus  in  the  Asteropidae 
(restricted  to  Asterope  and  Petrioia)  are  as  follows : 

The  thin  skin  which  covers  the  plates  and  spines;  the  conspicuous 
marginals  not  unlike  those  of  Petrioia;  the  loosely  tessellate  abac- 
tinal skeleton,  bearing  skin-covered  spinelets.  The  characters  which 
are  adverse,  so  to  speak,  are :  The  conspicuous  series  of  intermarginal 
plates,  the  absence  of  actinal  intermediate  plates,  except  a  single 
plate  back  of  the  mouth  plates;  the  rudimentary  interbrachial  sep- 
tum without  a  calcareous  pillar  (perhaps,  however,  due  to  small  size 
of  disk) ;  the  single  ampulla  to  each  tube  foot. 

13434— Bull.  100—19 ^27 
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The  features  which  seem  to  ally  Metrodira  to  the  Echinasteridae 
are:  The  single  ampullae,  spinose  abactinal  plates,  and  the  adambu- 
lacral  armature.  The  intermarginal  plates  and  the  very  reduced  ac- 
tinal  intermediate  areas  are  quite  consistent  with  this  family,  but 
the  very  conspicuous  marginal  plates  are  not.  The  interbrachial 
septa  are  very  rudimentary,  practically  absent,  although  it  is  not 
possible  in  the  small  specimens  at  my  disposal  to  be  certain  of  this 
point. 

Beyond  a  certain  similarity  due  to  the  outward  form,  particularly 
to  the  slender  rays,  the  Linckiidae  have  little  claim  to  this  genus. 

The  presence  of  intermarginal  plates  and  of  single  ampullae,  and 
the  absence  of  actinal  intermediate  plates  and  of  interbrachial  septa 
with  calcified  pillar  will  debar  Metrodira  from  the  Asteropidae, 
Ganeriidae,  and  Poraniidae,  while  additional  differences  in  the  abac- 
tinal skeleton  make  the  last  two  families  imsuitable  homes. 

Even  the  Echinasteridae  appear  to  be  incompatible.  The  abactinal 
plates  of  Metrodira  are  tessellated,  not  at  all  reticulate,  while  the 
marginal  plates  are  large,  compact,  and  form  a  vertical  side  to  the 
ray.    The  interbrachial  septa  are  almost  lacking. 

It  seems  better  to  place  this  genus  in  a  separate  family  rather  than 
to  enlarge  the  Echinasteridae  and  in  a  measure  spoil  its  homogeneity. 
The  case  of  Metrodira  is  much  like  that  of  Acanthaster,  MitkrodiOy 
and  Valvaster^  which  have  at  one  time  or  another  been  in  the  Edii- 
nasteridae. 

MBTRODIRA  SOBDLATA  Gny. 

Metrodira  subulata  Qrat,  1840,  p.  282.— Pebbieb,  1875,  p.  180.— Koehub, 
1910a,  p.  172,  pi.  4,  figs.  1  and  2;  pi.  18,  fig.  9;  1910&,  p.  284,  pL  m 
fig.  3;  pi.  17,  fig.  8,  4,  5. 
Soaphaster  humberti  db  Lobiol,  1899,  p.  27,  pL  8,  fig.  1. 
Doctor  Koehler^  has  given  a  detailed  description  and  figures 
of  this  species.     The  Philippine  examples,  the  larger  measumg 
R,  25  mm.,  and  r,  4  mm.,  are  less  spiny  abactinally.    The  proximal 
plates  of  the  intermarginal  series  are  nearly  as  large  as  the  adjacent 
inf  eromarginals,  and  there  is  usually  an  odd  interradial  intennargi- 
nal  plate,  but  not  an  odd  supero-  or  inferomarginal.    The  intermar- 
ginals  extend  about  half  the  length  of  ray. 

Type-loGcMty. — ^Migupou  (probably  a  Philippine  locality). 
Distribution. — ^Macclesfield    Bank;    Philippine    Islands;    Torres 
Strait;  Aru;  Amboina;  northwest  of  Australia;  northeast  Australia; 
Greorge  Soimd,  New  Zealand;  Bay  of  Bengal;  Ceylon. 
Specimens  examined, — ^Two  from  the  following  stations : 
Station  5481,  oflp  Corandagos  Island,  eastern  Palawan,  51  fathoms, 
sand. 
Station  5432,  same  locality,  depth,  and  bottom. 

1  Abhandl.  Senckenberg.  Katorf.  OesceL,  toL  88,  1910,  p.  284. 
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Family  PORANIIDAE  Perrier. 

Poraniidae  Perrieb,  1894,  pp.  163,  227.— Vkrbiix,  1915,  p.  68. 
Aiteropidae   (part)   Fishes,  1908,  p.  90;  1911d,  p.  247.— Vebbill  (part) 
1914a,  p.  804. 

The  family  Asteropidae  is  restricted  to  Asterope  and  Petricia  (-4«- 
terop^is)^  while  the  Poraniidae,  which  appears  to  be  allied  to 
the  Asterinidae,  includes  the  old  genera  Dermasterias^  Porania^  Tylas- 
ter^  Marginaster,  and  Poraniomorpha^  (including  Bhegaster  and 
Lasiaster)  as  well  as  the  more  recently  defined  genera:  Ohondraster* 
Verrill,  Cvloitopsia  *  Verrill,  Parardsca  *  Verrill,  PoranieUa  *  Verrill. 

Geims  MARGINASTER  Perrier. 

Margina9ter  Pebbieb,  1881,  p.  16.    Type,  M,  pectinattu. 

MABGINASTEB  FAUaSFIinJS  Fltlwr. 

Plate  181,  figs.  2,  2a. 
Marginaster  pauoiBpinua  Fisheb,  19180^  p.  216. 

Diagnosis. — Differing  from  M,  capreensis  (Grasco)  [M.  fimimatue 
Sladen]  in  having  no  actinal  intermediate  and  very  few  abactinal 
spinelets,  broader  marginal  plates  with  slightly  longer  spines,  more 
distinct  lobes  to  the  carinal  plates,  and  2  narrowly  spatulate,  webbed, 
subambulacral  spinelets  in  a  longitudinal  series  near  the  furrow 
margin;  furrow  spines  2  on  the  first  2  plates,  then  1.  B=ll  mm., 
r=:8  mm.,  general  form  arcuate  pentagonal;  whole  body  overlaid  by 
skin;  a  few  carinal,  apical,  and  superomarginal  spinelets,  all  incon- 
spicuous; a  conspicuous  marginal  fringe  of  webbed,  flattened,  nar- 
rowly spatulate  spines;  plates  not  superficially  visible. 

Description. — ^Abactinal  plates  obscured  by  the  skin,  which  is 
smooth.  Spinelets  few.  There  is  present  a  carinal  series  of  shorty 
clavate  spinelets,  about  twice  as  long  as  broad,  and  few  in  number. 
Near  center  of  disk  these  outline  a  rude  star,  and  within  this  are  a 
few  small  scattered  almost  granuliform  spinelets.  On  either  side  of 
the  ray  there  are  a  very  few  small  spinelets. 

The  abactinal  skeleton  is  revealed  by  immersion  in  weak  caustic 
potash  solution.  In  the  arrangement  of  plates  it  is  very  similar  to 
that  of  M.  capreensis^  figured  by  Ludwig  (1897,  pi.  7,  figs.  18  to  28), 
but  the  plates  themselves  are  slightly  different  in  form.   The  skeleton 

^  Professor  Verrill  is  in  error  in  regarding  Rhegiuier  as  the  oldest  name  for  this  group. 
Poraniomorpha  dates  from  1881  (Danielssen  and  Keren,  Nyt  Mag.  for  Natunridenska- 
beme,  toI.  26,  p.  189;  type,  P.  ro^ea),  Bhegttater  Sladen  was  described  in  1883  (Trans. 
Boy.  Soc  Bdin.,  toL  82,  p.  155 :  type,  Bolatier  tumUMS  Stuzberg).  LoHoBter  Sladen  datea 
from  the  OhaUenger  Asteroidea  (1880,  p.  871,  type  L.  viOotus).  See  VerrlU,  19145, 
p.  17. 

*For  these  genera,  see  Verrill,  19145,  pp.  17-21,  and  1915,  pp.  68-80.  Ohondraster 
was  described  originally  as  a  subgenus  of  Porania  (Amer.  Joum.  Sd.,  toI.  49,  p.  187, 
type  Porania  grandU),    The  type  of  Porania,  s.  s.,  is  P.  puviUa  (O.  F.  Mllller). 
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is  open,  leaving  large  meshes  or  interspaces  and  is  of  the  reticulate 
type.  The  center  of  disk  is  occupied  by  plates  forming  a  conven- 
tional star,  the  tips  of  whose  rays  are  the  primary  radial  plates;  the 
interradii  are  large  five-lobed  primary  basal  plates.  The  side  of  the 
rays  of  this  star  is  formed  by  a  long  slender  ossicle.  Within  the 
star  is  a  pentagon  of  plates  inclosing  the  central  plate,  which  is  at> 
tached  to  the  pentagon  by  short  connectives,  and  the  comers  of  the 
pentagon  are  the  basal  plates.  The  carinal  series  consists  of  about  7 
plates,  the  primary  radial  being  elongate  cordif  orm,  the  others  prom- 
inently f  our-lobed,  except  the  last  2  or  3,  which  are  irregular.  These 
imbricate  so  that  a  lobe  extends  laterally  on  either  side.  In  contact 
with  the  prominent  inf eromarginals,  which  form  a  flange  to  the  edge 
of  ray,  is  a  series  of  three-lobed  superomarginal  plates,  which  are 
connected  with  the  lateral  processes  of  the  carinals  by  1  or  2  (second 
and  third  carinals)  slender  ossicles.  There  are  7  superomarginals, 
and  5  of  the  transverse  trabeculae,  the  last  2  superomarginals  touch- 
ing the  reduced  carinals  (or  sometimes  the  last  lateral  has  no  carinal 
opposite).  Two  slender  ossicles  end  to  end  extend  from  the  first 
superomarginal  to  the  basal  plate,  close  to  the  companion  of  the  ad- 
jacent ray,  so  that  the  inner  ossicles  of  each  series  touch  along  their 
whole  length.  These  clasp  the  small  madreporic  body,  which  is  on 
the  outer  lobe  of  a  basal  plate  (Ludwig's  JRl). 

The  inferomarginals,  7  in  number,  are  much  broader  than  long, 
flat,  slightly  spaced,  with  a  curved  border  bearing,  4  or  5  webbed,  flat- 
tened narrowly  spatulate  spines  as  long  as  the  base  line  of  comb,  the 
whole  forming  a  flangelike  ambitus.  The  outer'  end  of  the  plate  is 
slightly  broader  than  the  inner  and  the  transverse  margins  are 
slightly  concave.  Parallel  with  the  marginal  series  of  spines  and 
close  to  them  on  the  upper  surface  of  the  plate  is  a  series  of  3  or  4 
very  small  spinelets  scarcely  visible  until  specimen  is  treated  with 
caustic  potash. 

Papular  areas  in  2  series  on  each  ray,  the  outer  being  "intermargi- 
nal."  The  largest  area  is  the  proximal  adradial,  which  has  8  or  9 
papulae,  while  the  others  have  2,  3,  or  distally  1  papula.  The  larger 
areas  have  several  white  grains -scattered  in  the  integument 

The  actinal  intermediate  plates  are  in  general  similar  to  Ludwig's 
figure  23.  A  series  of  oblong  plates,  one  interradial,  is  adjacent  to 
the  inferomarginals.  These  are  the  largest  intermediate  plates.  The 
largest,  interradial  in  position,  is  scalloped  on  the  inner  border  and 
constricted  in  the  middle.  The  other  4  plates  of  each  ray  alternate 
with  the  inferomarginals  and  the  outer  end  underlies  the  inner  end 
of-  the  marginals ;  moreover  the  plates  are  distinctly  spaced.  The 
other  actinal  intermediate  plates  are  in  transverse  columns.  Three 
columns  start  from  the  interradial  and,  by  branching  variably,  have 
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3  or  4  branches  touching  the  proximal  4  or  5  adambulacrals  of  each 
ray.  From  the  second  inferomarginal  there  are  usually  2  short  col- 
umns of  2  plates  each,  while  the  third  and  rudimentary  fourth  inf ero- 
marginals  touch  the  adambulacrals.  Conspicuous  spaces  exist  be- 
tween the  columns  of  plates,  the  plates  themselves  being  compara- 
tively large  and  elongate  cordiform  or  elongate  ovate  in  form. 

Adambulacral  plates  small,  wider  than  long,  and  obliquely  ori- 
ented. The  first  2  plates  have  2  small,  blunt,  slightly  tapering  fur- 
row spinelets;  the  subsequent  plates  1.  Near  the  furrow  margin  in 
a  longitudinal  series  are  2  webbed,  narrow-spatulate  truncate  spine- 
lets  abo|ut  as  long  as  width  of  plate,  and  1.5  the  length  of  the  fur- 
row spinelets  which  they  generally  obscure  by  bending  over  furrow. 

Mouth  plates  narrow  with  4  furrow  and  2  suboral  spinelets  similar 
to  those  of  the  adambulacral  plates  except  that  the  inner  furrow 
spine  is  larger. 

Type.— Cat.  No.  82641  U.S.N.M. 

Type-locality, — State  5310,  China  Sea,  vicinity  of  Hongkong  (lat. 
21°  31'  N.;  long.  116°  18'  E.),  100  fathoms,  sand,  shells;  1  specimen. 

Distribution. — Known  only  from  type-locality. 

Remarks. — ^This  species  resembes  M.  capreenais  (Gasco)  which 
Ludwig  considers  the  same  as  the  subsequenty  described  M.  ftrnbria' 
tus  Sladen.  In  M.  paticispinus  there  are  few  abactinal  and  no  actinal 
intermediate  spinelets,  while  in  capreensis  the  former  are  abundant, 
and  Sladen's  figure  (1889,  pi.  58,  fig.  5)  shows  a  few  actinal  spinelets. 
The  carinal  plates  of  3f.  paticispirms  have  more  prominent  lobes  than 
are  figured  by  Ludwig,  and  the  inferomarginal  plates  are  much 
wider  than  long  while  the  marginal  spines  are  longer.  In  M.  capreen- 
sis the  2  subambulacral  spines  are  tapering,  cylindrical  and  form  a 
transverse  series,  while  in  paucispinus  they  are  spatulate,  flattened, 
and  in  a  longitudinal  series.  In  M.  pectvaatus  Perrier,  M.  eoMmtlar 
tus  Perrier,  and  M.  pentagonus  Perrier  the  subambulacrals  are  either 
in  a  transverse  or  an  oblique  series.  The  first  has  1  furrow  and  1  or  2 
subambulacral  spines;  the  second,  8  to  5  furrow  and  2  or  8  subam- 
bulacral spines;  the  third,  1  furrow  and  2  or  3  subambulacral  in  the 
same  transverse  series.  M.  poMoispvnus  alone,  therefore  has  the  sub- 
ambulacral spines  in  a  longitudinal  series. 

Family  ASTERINIDAE  Gray,  emended. 

Genus  ASTERINA  Nardo. 

Asterina  Nardo,  Oken*s  Isls,  1834,  p.  716.    Type,  A,  mirmta  Nardo=A.  gib- 
bosa  (Perrier).— Vebbill,  1913,  477-485. 

Professor  Verrill  has  divided  the  old  genus  Asterina  into  the  fol- 
lowing genera: 

Asterina;  type,  A.  gibhosa;  included  species:  A.  trochiscus  (Ret- 
zius). 
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Aaterinides  Verrill;  type,  A,  folium  (Liitken) ;  included  species: 
A.  cepheus  (Miiller  and  Troschel),  A.  wega  (Pemer),  A.  mimUa 
(Linnaeus),  A.  modesta  Verrill. 

Patina  Gray,  1840;  type,  P.  coocinea  (Gray) ;  included  species:  P. 
miniata  (Brandt),  P.  chUensts  (Liitken),  P.  gayi  (Perrier),  P.  grcofy- 
xdoaa  (Perrier),  P.  pectinifera  (Miiller  and  Troschel),  P.  granifera 
(GrB,j)^  P.  novae-zelandiae  (Perrier). 

Patiriella  Verrill;  type  P.  regularis  (Verrill);  included  species: 
P.  exigua  (Lamarck),  P.  calcar  (Lamarck),  P.  fimbriata  (Perrier), 
P.  squamata  (Perrier),  P.  calcarata  (Perrier),  P.  pusiUa  (Perrier), 
P.  gunnii  (Gray). 

Asterinopsis  Verrill;  type,  A.  penioiHaris  (Lamarck);  included 
species:  A.  pUosa  (Perrier),  A.  lymani  (Perrier). 

Enoplopatiria  Verrill;  type,  E.  rnarginata  (Hup6)=-4.  ateUifera 
(M6bius)=-4.  hrazilienais  (Liitken)  =-4.  mdrvuta  (Muller  and  Tro- 
schel, not  Linnaeus). 

I  have  examined  one  or  more  representatives  of  these  groups.  Pro- 
fessor Verrill  in  his  synopsis  (p.  479)  relies  upon  the  absence  of 
pedicellariae  to  distinguish  Asterinides  from  Aaterina  and  Patiria 
from  Enoplopatiria. 

I  do  not  think  that  the  pedicellariae  form  a  reliable  generic  char- 
acter in  this  family.  They  are  absent  in  Asterina  coronata  cristata 
and  present  in  Aaterifna  coronata  eueroes.  Belying  upon  the  abactinal 
skeleton  and  spines  I  find  it  very  difficult  to  separate  Asterinides  from 
Agterina.  The  ventral  genital  pores  of  Asterina  gtbhosOj  if  re- 
stricted to  that  species,  are  certainly  an  important  character,  but  in 
practice  it  is  often  very  difficult  or  impossible  to  find  them.  AsteHna^ 
as  used  in  this  paper  would  include,  therefore,  Professor  Verrill's 
Asterinides^  and  similarly  I  would  unite  Patiria  and  Enoplopatiria, 
Following  Professor  Verrill's  table  somewhat,  the  genera  as  herein 
used  are  contrasted  as  follows : 

a\  Abactinal  plates  of  papular  areas  all  of  one  kind,  the  exposed  part  usaally 
roundish,  elliptical,  cordate,  or  shield-shaped,  wholly  or  partly  spinalose. 

Two-bladed  pedicellariae  present  or  absent Aaterimk 

i^,  Abactinal  plates  of  papular  areas  of  2  or  more  diverse  kinds,  the  lai^er 
proxlmally  arched  or  crescenttc,  and  notched  for  passage  of  papulae;  be- 
tween these  are  groups  of  smaU  ovate  or  pyrlform  ossicles  Inserted  end- 
wise, mostly  bearing  smaU  roundish  clusters  of  spinules. 
h\  Actinal  intermediate  plates  each  with  a  fan-shaped  group  of  2  to  8  spines, 

usually  webbed.    Pedicellariae  present  or  absent Patiria. 

6*.  Actinal  intermediate  plates  each  with  1  or  sometimes  2  seines;  f^wer 

secondary  abactinal  ossicles  than  in  Patiria;  no  pedicellariae PatirieUa, 

&*.  Actinal  intermediate  plates  each  with  a  fascicle  of  slender  spines;  pedi- 
cellariae, absent  or  present AsterincpsiB. 
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ASTBBINA  CBPHEU8  (MUlw  uid  TkMchd). 

Plate  115,  fig.  4 

A8tetina  hurtoniif  Gsay,  1840,  p.  280. 
AsterUous  cepheus  MthxEs  and  Tboschel,  1842,  p.  41. 
Asterina  cepheu9  von  Mabtsns,  1866,  p.  85. — ^Db  Lobiol,  1885,  p.  69,  pL  21, 
figs.  1  to  5. 

Notes  on  Philippine  specimens. — ^Tke  largest  specimen  has  the  fol- 
lowing dimensions:  B=20  mm.,  r=8  mm.,  B=2.5  r.  The  spinelets 
are  all  rather  longer  than  in  de  Loriol's  figure. 

Type-loealittf. — ^Batavia. 

DistribvMon. — ^Red  Sea,  Indian  Ocean  (Zanzibar  in  the  south, 
Nicobar  Islands,  Ceylon,  Mergui  at  the  north),  Java,  Philippines, 
Torres  Strait,  Australia,  New  Guinea,  New  Caledonia. 

Specimens  examined. — Five: 

Tataan  Pass,  Simulac  Island,  coral  reef;  2  specimens.  Maricaban 
Island,  off  Batangas  Bay,  Luzon,  shore;  8  specimens. 

Remarks. — ^The  type  of  Asterina  hurtonii  has  been  lost,  according 
to  Professor  Bell.^  Although  the  name  probably  refers  to  this 
species,  in  the  absence  of  an  authentic  specimen  Oray's  description  is 
quite  insufficient.  It  seems  better  to  retain  the  well-known  name  so 
long  as  a  reasonable  doubt  exists  as  to  the  identity  of  hurtorm. 

ASTERmA  COBONATA  GBI8TATA  Fldm. 
Plate  115,  fig.  8;  plate  181,  figs.  4  4a. 

Asterina  eristata  Fisher,  1916&,  p.  27. 
Asterina  coronata  oristata  Fishxb,  1918,  p.  111. 

Diagnosis. — ^Related  to  A.  cepheus^  but  with  a  variable  number 
(80-65  to  a  ray)  of  the  abactinal  plates  elevated  and  tubercular  in 
foim,  and  surmounted  by  1  to  5  unequal,  robust,  pointed  spines,  the 
largest  4  or  6  times  as  long  as  the  spinelets  of  the  other  plates,  and 
many  times  greater  in  diameter;  the  other  abactinal  plates  with  5  to 
10  ehort,  sharp  spinelets  in  spaced  groups  situated  usually  on  the 
adcentral  border;  these  spinelets  are  tapering,  slender,  8  or  4  times 
as  long  as  the  width  of  their  base,  and  in  each  group  are  placed  with 
the  bases  touching,  the  spinelets  themselves  radiating  apart.  In  cen- 
ter of  disk  a  poorly  defined  pentagon  of  elevated  plates.  At  base  of 
ray  are  6  regular  series  of  papulae  on  either  side  of  a  radial  area  of 
irregularly  arranged  pores,  the  two  areas  corresponding  to  regions 
of  regularly  and  irregularly  arranged  plates.  The  plates  of  the 
regular  lateral  series  (of  which  there  are  10  at  the  base  of  ray)  are 
arranged  in  quincunx  and  those  of  the  papular  areas  are  hollowed 
out  or  excavated  on  the  mesial  border  for  the  papula  which  is  over- 

^BeU,  1884,  p.  181;  Perrier,  1876,  p.  816  (unable  to  find  type). 
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hung  and  evidently  protected  by  the  group  of  spinelets.  In  the 
radial  area  the  slight  hollow  is  on  the  adcentral  border.  Inferomar- 
ginal  plates  with  a  conspicuous  tapered  spine  surrounded  by  smaller 
spinelets.  Actinal  intermediate  plates  with  a  group  (not  a  comb) 
of  2  to  4,  mostly  3,  basally  webbed  spinelets.  Furrow  spines  usually 
6,  webbed  for  about  half  their  length,  the  3  or  4  median  conspicuously 
larger  than  the  laterals;  subambulacral  spines  usually  4,  the  2  median 
much  longer  than  the  laterals  (in  the  cotype  there  are  5  or  6,  of  which 
2  are  enlarged).  Oral  spines  5,  webbed,  the  2  innermost  conspicu- 
ously enlarged;  suboral  spines  3  to  5,  upright,  webbed,  2  of  them  of 
predominant  size.  Rays  5,  rather  narrow,  longer  than  usual,  and 
with  a  rounded  extremity.  R=37  mm.,  r=14.5  mm.,  E=2.5  r; 
breadth  of  ray  at  base,  15  mm. 

Type. — TSot  689,  Museum  of  Comparative  Zoology,  Cambridge, 
Massachusetts. 

Type-localUy, — Ponape,  Caroline  Islands. 

Distribution. — Caroline  Islands. 

ReToarka. — ^The  number  of  protuberances  probably  varies  somewhat 
with  age  and  local  conditions.  In  the  cotype,  which  has  R,  25  mm., 
they  are  fewer. 

In  the  Archiv  fiir  Naturgeschichte  (vol.  32,  1866,  p.  73),  von 
Martens  describes  Aatefrina  coronata  from  Batjan,  Molucca  Islands, 
and  from  Larentuka,  Flores  Island,  and  records  its  occurrence  at 
Amboina.  His  description  states  that  the  relation  of  the  minor  to 
the  major  radius  is  as  1  to  2  or  2^,  that  the  abactinal  plates  are 
so  arranged  that  the  dorsal  surface  has  a  honeycombed  appearance, 
the  plates  bearing  5  or  more  spinelets,  and  that  scattered  over  the 
dorsal  surface  are  groups  of  2  to  4  heavy  spinelets  with  a  common 
base,  such  groups  being  found  on  the  sides  and  radial  regions  of 
the  ray,  but  not  close  to  the  border.  On  the  disk  these  special  spine- 
lets outline  an  irregular  pentagon. 

The  elevated  specialized  abactinal  plates  of  cristata^  with  their 
tuft  of  enlarged  spines,  I  take  to  be  the  same  as  von  Martens's 
^'  Biischel  von  2-4  starken  Stacheln  mit  gemeinsamer  Basis,''  which 
he  says,  ^'stehen  auf  den  Armen  ziemlich  zerstreut,  sowohl  auf 
dem  Riicken  als  an  den  Seiten,  aber  nie  ganz  nahe  am  Rande." 
Thus  the  chief  character  of  the  two  species  is  the  same.  As  Dr. 
H.  L.  Clark  has  suggested  in  a  letter,  the  two  species  are  probably 
the  same,  although  there  exist  certain  discrepancies.  Von  Martens 
does  not  mention  subambulacral  spines,  but  states  that  the  furrow- 
spines  are  ^4n  einer  Reihe,  4  oder  5  fast  gleich  Grosse  auf  jeder 
Platte,"  and  that  the  actinal  intermediate  plates  have  2  relatively 
long  sharp  spines.  The  type  of  Aaterina  criatata  has  2  to  4,  mostly 
3,  actinal  intermediate  spinelets,  usually  6  furrow-spinelets  webbed 
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for  about  half  their  length,  the  3  or  4  median  conspicuously  longer 
than  the  laterals,  and  usuaUy  4  subambulacral  spinelets,  of  which 
the  2  median  are  much  longer  than  the  laterals.  I  think  it  is  pos- 
sible that  von  Martens  overlooked  the  small  lateral  furrow-spinelets, 
although  not  likely;  but  certainly  in  no  specimens  seen  by  me  are 
the  furrow-spinelets  ever  subequal. 

The  case  is  somewhat  complicated  by  2  specimens  of  a  race  of 
ooronata  which  I  saw  some  years  ago  in  the  British  Museum.  One 
was  contained  in  a  box  with  Nepanthia  maculata^  labeled  "Mig- 
upou,  7  to  12  fathoms,  fine  sand  coral — Cuming."  The  other  was 
labeled  "Port  Essington,  Australia."  In  the  first  specimen  there 
are  20  or  25  of  the  prominent  plates  to  each  fifth  of  the  body.  The 
actinal  intermediate  plates  have,  in  the  neighborhood  of  the  furrow, 
about  5  or  6  spines  in  a  rude  circle,  one  spine  being  longer  than 
the  others;  near  the  ambitus  there  are  3  spinelets,  with  often  1  or 
2  standing  mesad  from  the  principal  comb.  The  furrow-spinelets 
are  5  or  6  webbed,  the  laterals  shorter  than  the  mesial  spinelets; 
the  subambulacral  spinelets  are  4  or  5,  shorter  and  stouter  than 
the  furrow-spinelets,  and  also  graduated  in  size,  the  mesial  spine- 
lets being  longest.  I  made  no  notes  on  the  Australian  specimen,  but 
my  impression  is  that  it  does  not  materyilly  diflPer  from  the  other.* 

Thus  the  actinal  intermediate  spinelets  are  more  numerous  than 
in  the  types  of  coronata  and  cristata^  while  the  adambulacral  arma- 
ture is  about  the  same  as  that  of  criatata.  The  prominent  abactinal 
plates  are  fewer  than  in  cristata,  and  more  like  the  condition  in 
Japanese  specimens. 

Dr.  Seitaro  Goto,  in  his  work  on  Japanese  Asteroidea,  carefully 
figures  and  describes  a  species  from  the  southern  parts  of  Kyushu 
and  adjacent  islands  which  he  calls  Asterma  novae-zelandiae,  Per- 
rier,  but  which  I  believe  is  a  form  of  coronata^  as  it  possesses  the 
prominent  abactinal  plates  so  characteristic  of  coronata.  Thus 
there  are  records  from  southern  Japan  to  northern  Australia. 

As  a  beginning  towards  straightening  the  tangle  of  apparent 
races,  I  would  suggest  the  subjoined  scheme.  Any  further  evidence 
for  or  against  it  or  in  any  way  bearing  upon  the  status  of  Asterina 
coronata^  will  be  most  welcome: 

a\  Abactinal  splnlform  pedlcellarlae  present;  2  adambulacral  furrow  spine- 
lets; 8  or  9  marginal  mouth  spinelets;  12  to  14  enlarged  abactinal 
plates Aateri/na  coronata  euerces  (Fisher).     (Palawan.) 

a\  No  spiniform  pedlcellarlae  present;  furrow  spinelets  4  to  6;  marginal 
mouth  spinelets  5  or  6. 

^  For  the  priTlIege  of  examtning  these  and  many  other  specimens  of  Asteroidea  in  the 
British  Museam  (Natural  History)  I  am  indebted  to  Prof.  F.  Jeffrey  Bell. 
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6  *.  Actinal  intermediate  spinelets  usually  more  than  3 ;  near  the  furrow  5 
or  6,  forming  a  circle  or  group  (not  a  tsralght  comb) ;  furrow  spinelets 
5  or  6 ;  20  to  25  prominent  abnctinal  plates  to  each  fifth  of  body, 

Aaterina  coronata  fascicularis  Fisher*  (Migupou;  Port  Esslngton?) 
6 ".  Actinal  intermediate  spinelets  2  or  3,  but  not  often  4. 
o\  Furrow  spinelets  4  or  5;  actinal  intermediate  spinelets  usually  2;  promi- 
nent abactinal  plates  moderate  in  number  (up  to  25  to  each  fifth  of 
body)  and  with  as  many  as  25  spinelets  to  a  plate.' 
Asierina  coronata  coronata,  von  Martens.  (Southern  Japan,  Batjan, 
Larentuka.) 
0  \  Furrow  spinelets  6 ;  actinal  intermediate  spinelets  usually  3  (2  to  4) ; 
prominent  abactinal  plates  numerous  (more  than  30  and  as  many  as 
50  to  each  fifth  of  body)  and  with  not  more  than  15  spinelets  to  a 
plate,  frequently  10  or  less, 

Asterina  coronata  cristata  (Fisher).   (Caroline  Islands.) 

Prof.  A.  E.  Verrill  in  his  Revision  of  the  (jenera  of  Starfishes 
of  the  Subfamily  Asterininae  (1913,  pp.  479,  480)  gives  primary  im- 
portance to  abactinal  pedicellariae  in  distinguishing  two  of  his  new 
generic  groups.  The  presence  of  pedicellariae  abundantly  in  the 
Palawan  race  and  their  absence  in  Japanese  and  Caroline  Island 
specimens  show  the  character  to  be  unreliable  for  generic  dis- 
tinctions. Of  course,  I  recall  that  in  the  case  of  Asterina  Professor 
Verrill  has  pointed  out  that  the  type,  A.  glbhosa^  has  the  gonoducts 
opening  just  back  of  the  mouth  plates.  If  this  character  is  confined 
to  the  restricted  Asterina  it  will  furnish  a  very  important  additional 
feature. 

ASTBBINA  CORONATA  EUERCES  Fislwr. 

Plate  115,  figs.  1,  2;  plate  116,  figs.  1,  2;  plate  181,  fig&  5,  5a. 
Asterina  cristata  etterces  Fishkb  1917&,  p.  01. 
Asterina  coronata  euerces  Fishes,  1918,  p.  110. 
Diagnosis. — ^Very  close  to  typical  A.  coronata  cristata  but  differing 
in  having  abactinal,  spiniform  pedicellariae,  only  12  to  14  swoUffli 
abactinal  plates  to  a  ray,  8  furrow  spines,  and  8  or  9  marginal  mouth 
spines.    R=20  mm.,  r=9  mm.,  E=2.2  r;  breadth  of  ray  at  base,  10 
mm. 


^  Fisher,  1018,  p.  110.  This  new  race  is  certainly  different  as  regards  the  actinal  inte^ 
mediate  armature.  Von  Martens  states  that  there  are  two  spinelets  in  coronata.  Of 
course,  specimens  may  prove  to  he  yarlable. 

Mr.  Alvln  Seale,  of  the  Museum  of  Comparative  Zoology,  who  has  lived  many  yean  In 
the  Philippine  Islands,  tells  me  he  has  sailed  past  a  fairly  well-known  Mignpou  Point; 
but  I  have  not  been  able  to  locate  it.  with  available  maps,  on  Mindanao  or  on  Luson.  Mr. 
Seale  does  not  recall  upon  which  of  the  two  islands  the  point  is  found.  It  is  quite  pos- 
sible that  this  is  the  locality  from  which  so  many  of  Gray's  types  were  derived. 

'  So  far  as  true  coronata  \a  concerned,  the  remarks  concerning  the  number  of  prominent 
plates  and  the  number  of  spinelets  on  these  plates  are  conjectural.  These  obserrattons 
refer  to  the  Japanese  form,  described  and  figured  by  Dr.  S.  Ooto  ("A  Descriptive  Mono- 
graph of  Japanese  Asteroidea,"  1914,  p.  660,  pi.  19,  figs  27^281),  which  may,  of  course^ 
be  quite  distinct  from  typical  coronata  of  the  Moluccan  region.  There  are  indicatiottfl 
that  a  second  race  of  this  species,  apparently  distinct  from  cristata.  Is  found  in  Japtneee 
waters.  In  the  Museum  of  Comparative  ZoQlogy  is  a  specimen  labeled  as  from  Japan 
with  only  about  6  prominent  abactinal  plates  to  the  ray,  6  furrow  spines,  5  to  7  subambn- 
lacral  spines  (2  enlarged),  and  8  to  5  actinal  intermediate  spines.  The  spinelets  of  tbe 
ordinary  abactinal  plates  are  shorter  than  in  either  cristata  or  euerces.  It  would  seem 
to  fit  in  near  fasdeularis. 
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Description. — ^Abactinal  plates  tilted  obliquely  as  in  the  typical 
form  so  that  the  papular  pore  is  at  the  bottom  of  a  fumiel-shaped 
depression,  somewhat  overhung  on  the  abcentral  side  by  a  crescentic 
group  of  upward  of  15  or  16  slender,  tapering,  sharp  spinelets  8  to 
5  times  as  long  as  their  width  at  base.  Plates  arranged  as  in  typical 
form,  but  with  a  well-developed  pentagon  of  elevated  plates  in  the 
center  of  disk,  inclosing  an  apical  area  containing  about  28  small 
plates  having  each  1  to  10  spinelets.  On  each  median  radial  area 
12  to  14  plates  in  an  irregular  double  series  (or  scattered)  are  much 
higher  and  more  prominent  than  the  others,  and  bear  a  conspicuous 
tuft  of  spinelets,  which  increase  rapidly  in  length  toward  the  mid- 
dle of  the  plate  where  there  are  8  to  5  tapering  sharp  spines  much 
larger  than  the  others.  The  spinelets  of  the  other  plates  are  in  more 
or  less  crescentic  groups  on  the  radial  regions  at  base  of  ray,  and 
on  disk  outside  of  the  apical  area,  but  only  a  part  of  them  are 
so  formed  on  the  distal  portion  of  ray.  On  the  lateral  areas  of  ray 
where  the  plates  are  arranged  in  regular  series  the  groups  are  fascic- 
ulate, and  are  not  crescentic  except  sometimes  on  the  innermost  of 
the  regular  series. 

Numerous  plates  bear,  on  the  concave  side  adjacent  to  a  papular 
pore,  a  simple  pedicellaria  consisting  of  2  to  4  sharp  spinelets  slightly 
stouter  than  the  rest.  These  resemble  somewhat  the  fasciculate 
pedicellariae  of  Pectinaster.  Papular  pores  in  about  4  regular  series 
on  either  side  of  the  median  radial  area;  over  the  latter  they  are, 
at  least  proximally,  arranged  in  quincunx  but  not  very  regularly; 
about  6  pores  can  be  counted  across  it  at  base  of  ray. 

Inf eromarginal  plates  rather  prominent,  forming  a  narrow  flange, 
the  outer  end  of  the  plates  bearing  a  double  or  a  triple  series  of 
spinelets,  or  a  tuft,  the  central  being  much  the  largest.  The  plates 
are  relatively  more  prominent  than  in  A.  cepheus. 

Actinal  intermediate  plates  in  7  chevrons;  2  longitudinal  series 
practically  reach  the  tip  of  ray,  while  a  third  very  nearly  reaches  it; 
a  fourth  extends  two-thirds  the  length,  measured  along  side,  and  a 
jGftli  about  one-third.  The  plates  bear  8  to  5  spines,  webbed  for 
about  half  their  length.  When  there  are  more  than  8  they  form  a 
fascicular  group ;  when  8  are  present  they  form  a  single  series. 

Furrow  spines 'slender,  scarcely  tapered,  8  or  occasionally  9,  united 
by  membrane  nearly  to  the  tip,  and  forming  a  scoop-shaped  fan. 
The  5  central  spines  are  of  nearly  equal  length,  and  1  aboral  is  only 
about  half  as  long,  while  2  adoral  spines  are  successively  two-thirds 
and  one-third  the  length  of  the  central  spines.  Subambulacral  spines 
6,  united  by  membrane,  the  median  2  or  8  tapering,  pointed,  much 
heavier  than  the  laterals,  and  much  stouter  than  the  furrow  spines 
and  adjacent  actinal  intermediate  spines.  When  expanded  these 
spines  form  also  a  scoop-shaped  or  concave  fan  lying  over  the  fur- 
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row  series.  Usually,  however,  they  are  bent  upward  and  form  a 
group. 

Mouth  plates  with  a  marginal  series  of  8  or  9  spines,  increasing 
very  gradually  in  size  toward  the  innermost,  and  all  united  by  mem- 
brane. On  the  outer  part  of  the  plate  is  a  suboral  fan  of  5  or  6 
spines  on  a  slight  eminence.  These  stand  parallel  to  the  margin  ad- 
jacent to  first  adambulacral,  and  the  inner  end  of  the  series  bends 
inward  toward  the  median  suture,  sometimes  inclosing  a  single  spine. 

Madreporic  body  situated  just  external  to  the  ring  of  raised  apical 
plates  and  with  2  spines  on  the  convex  irregularly  pitted  surface. 

Type.— C9it  No.  37036,  U.S.N.M. 

Type-locality. — ^Ulugan  Bay  (near  mouth  of  Baheli  River) 
Palawan  Island,  2  to  5  feet,  mud,  sand,  seaweeds. 

Distribution. — ^Elnown  only  from  the  type-locality. 

Remarks. — ^The  following  differences  are  observable  betwe«i 
Asterina  coronata  cristata  and  A.  coronata  ewrces. 


Aaterina  coronata  oristaia, 

Nonprominent  abactlnal  plates  with 
usually  only  5  to  10  splnelets  on  the 
radial  region  of  ray. 

No  abactlnal  pedlceUarlae. 

Actlnal  plates  adjacent  to  adambu- 
lacral plates  with  2,  3,  or  4  splnelets 
(regularly  4  on  cotype,  which  has  R, 
25  mm.) 

Furrow  spines  usually  6,  sometimes  7. 

Subambulacral  spines  4,  the  2  me- 
dian much  enlarged  (In  the  cotype  5 
or  6,  the  2  median  enlarged). 

Marginal  mouth  spines  5. 


Asterina  coronata   eurc€8. 

Nonpromlnent  abactlnal  plates  with 
usually  10  to  15  splnelets  on  the  radial 
region  of  ray. 

Numerous  abactlnal  spinlform  pedl- 
ceUarlae. 

Actlnal  plates  adjacent  to  adambu- 
lacral plates  with  4,  5,  or  6  splnelets— 
usually  5. 

Furrow  spines  8>  sometimes  9. 

Subambulacral  spines  0,  the  2  me- 
dian not  so  much  enlarged  as  in 
cristata. 

Marginal  mouth  spines  8  or  9. 


Genus  PATIRIELLA  VerriU. 

Patkiella  Vebbhx,   1918,   pp.   480.  488.    Type,   Asterina  reffularis  Verrlll 

PATIBIELLA  EXIGUA  (Lftmank). 
Plate  109,  figs.  3,  4. 

Aateriaa  exigua  Laicabck,  1816,  p.  554. 

Asterina  exigua  Perbier,  1875,  p.  302.— Koehleb,  1910a,  p.  129,  pi.  9,  flga.  6 
and  7. 
Notes  on  Philippine  specimens. — The  largest  example  has  the  fol- 
lowing dimensions:  E=20  mm.,  r=14  mm.  There  are  a  consider- 
able number  of  six-rayed  specimens,  and  a  very  few  four-rayed. 
The  papulae  are  restricted  to  the  disk  and  a  rather  broad  petaloid 
area  on  the  radii  comprising  about  a  dozen  longitudinal  series.  On 
the  interradial  line  the  papulae  extend  a  little  more  than  one-half  r 
toward  the  margin.  Outside  the  papular  area  the  plates  carry  7  to  10 
relatively  coarse,  thimble-shaped  granules  in  a  group.    On  the  papu- 
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lar  areas  the  granules  are  also  few,  slightly  spaced,  and  about  7  to 
12  in  number.  Adambulacral  spines:  Two  on  edge  of  furrow  (8 
may  occur  on  first  few  plates)  and  1  much  coarser  subambulacral 
spine.  Between  the  base  of  latter  and  first  row  of  actinal  inter- 
mediate spines  is  a  conspicuous  naked  space.  Actinal  intermediate 
spines  1  to  a  plate,  and  lacking  on  a  small  area  back  of  the  mouth 
plates. 

Type'locaUty. — ^Unknown. 

Distribution. — Cape  of  Good  Hope,  Madagascar,  Mauritius, 
Andaman,  and  Nicobar  Islands,  Java,  Moluccas,  Philippines,  south 
and  east  Australia. 

Specimens  examined, — One  hundred  and  one : 

Maricaban  Island,  off  Batangas  Bay,  Luzon,  shore;  55  specimens. 

Port  Binanga,  Subic  Bay,  Luzon ;  14  specimens. 

Besoga,  Luzon ;  4  specimens. 

Jamelo  Bay,  Luzon;  1  specimen. 

Mantaquin  Bay,  eastern  Palawan,  sand;  5  specimens. 

Panbutan  Bay,  western  Mindanao,  reef;  1  specimen. 

Little  Santa  Cruz  Island,  Zamboanga,  Mindanao;  1  specimen. 

Babuan  Island,  Jolo,  coral  reef;  8  specimens. 

Pangasinan  Island,  Jolo ;  1  specimen. 

Tataan,  Tawi  Tawi  Group,  Sulu  Archipelago,  shore;  1  specimen. 

Sandakan,  Borneo,  beach ;  7  specimens.  . 

No  label,  3  specimens. 

Genus  ASTERINOPSIS  VerrUl. 

AsterinopHs  Vebbill,  1918,  p.  480.    Type,  A8terina  peniciUaris   (Lamarck). 

I  The  following  species  is  by  no  means  typical.    There  are  very  few 

I        secondary  abactmal  ossicles  and  there  are  small  abactinal  spimform 
I        pedicellariae.    It  is  apparently  related  to  Paranepanthia. 

A8TBHINOP8IS  PBDICELLARIB  (Fbhcr). 

Plate  114,  figs.  2,  3 ;  plate  121.  fig.  1 ;  plate  132,  figs.  2,  2a. 
I 
j  Nepanthia  pedicellaris  Fisher,  1913o,  p.  217. 

Diagnosis. — Kays  6;  R  =  22  mm.,  r  =  8  mm.,  R  =  2.75  r;  breadth 
of  ray  at  base,  7  or  8  mm. ;  abactinal  surface  arched,  actinal  surface 
plane;  rays  tapering,  bluntly  pointed ;  radial  area  of  crescentic  plates 
proportionately  very  broad  and  not  clearly  marked  off  from  the 
lateral  areas  which  at  base  of  ray  are  only  about  5  plates  broad,  these 
being  subcircular  pseudopaxillae ;  larger  crescent  plates  bearing 
35  to  45  minute,  sharp  spinelets,  and  sometimes  a  simple  pedicellaria 
composed  of  2  spinelets  stouter  than  the  others,  furrow  spines  6  or  7 
webbed,  the  adoral  much  the  smaller;  subambulacral  spines  webbed, 
8  to  12;  proximal  actinal  intermediate  plates  with  7  to  9  slender, 
webbed  spines. 
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Description. — ^Abactinal  plates  crescentic,  those  of  disk  not  reg- 
ularly arranged;  along  median  radial  regiO:i  is  an  area  6  or  7  plates 
wide  where  the  plates  are  arranged  in  quincunx  with  sometimes  a 
small  roundish  plate  in  the  concavity  of  the  crescent;  then  on  either 
side  are  regular  longitudinal  series  of  plates,  about  10  at  the  base 
of  ray  and  8  to  5  at  the  tip,  which  meet  the  superomarginal  series 
obliquely.  Near  the  margin,  forming  an  area  5  plates  wide  at  base 
of  ray,  the  plates  are  in  transverse  series  (between  the  outermost 
oblique  longitudinal  series  of  crescentric  plates  and  the  ambitus), 
are  elliptic  or  quadrate  in  form,  have  no  papulae  between  them,  and 
bear  subcircular  groups  of  radiating  spinelets.  The  crescentic  plates 
bear  35  to  45  very  delicate  sharp  spinelets  and  have  a  papula  on  the 
concave  side. 

There  is  no  lateral  flange.  The  superomarginal  plates  are  clearly 
distinguishable  and  are  about  the  same  size  as  the  small  adjacent 
abactinal  plates,  while  the  inferomarginals  are  considerably  larger, 
are  set  obliquely,  and  bear  an  elliptical  group  of  numerous  fine  spine- 
lets. 

On  either  side  of  the  interradial  line  9  actinal  intermediate  plates 
can  be  counted  between  the  adambulacral  plates  and  margin.  The 
series  opposite  the  first  and  second  adambulacrals  do  not  reach  the 
margin,  while  the  third  is  complete.  The  plates  also  form  longitu- 
dinal series,  4  extending  to  the  middle  of  ray,  but  only  1  attaining 
the  tip.  The  proximal  plates  bear  7  to  9  slender,  slightly  tapering, 
pointed  spines  united  for  half  their  width  by  membrane;  the  smaller 
plates  bear  6  or  7  spines.  The  spines  form  a  group  rather  than  2 
series,  as  it  frequently  happens  that  5  to  8  spines  form  a  circle 
around  a  central  spine,  and  all  flare  apart,  more  or  less,  but  are 
nevertheless  directed  toward  the  margin. 

Furrow  spines  6  or  7,  slender,  very  slightly  tapering,  blunt,  and 
webbed  for  nearly  their  whole  length.  The  adoral  spine  is  quite 
short;  the  next  is  half  again  as  long,  the  third  about  twice  as  long 
as  the  first,  the  fourth  and  fifth  each  slightly  longer  than  the  pre- 
ceding; the  sixth  about  equal  to  the  fifth.  When  there  are  7,  the  last 
spine  about  equals  the  third.  Subambulacral  spines  8  to  12.  There 
is  a  semicircular  webbed  series  parallel  in  general  to  the  furrow 
series,  consisting  of  about  8  (as  many  as  10)  spines  increasing  in 
length  from  the  short  adoral  to  the  fifth  or  sixth,  then  decreasing, 
the  last  spine  being  longer  than  the  first,  unless  there  are  10,  when 
the  series  is  synmietrical.  Often  1  or  2  ipines  stand  in  the  hollow 
of  this  series  segregated  from  the  others.  The  subambulacral  spines 
are  a  trifle  stouter  and  are  more  acute  than  the  others. 

The  oral  armature  is  of  the  same  character  as  the  adambulacral. 
Marginal  spines  about  9,  slender,  untapered,  blunt,  the  inner  3  or  4 
being  the  stoutest.    Subambulacral  spines  about  12,  sharp,  and  ar- 
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ranged  parallel  to  the  others,  increasing  in  length  from  the  outer  to 
the  inner. 

Incipient  pedicellariae  are  present  on  the  abactinal  surface.  These 
consist  of  2  spinelets  stouter  than  the  rest,  which  meet  over  the  hol- 
low of  a  strongly  crescentic  plate,  the  spines  standing  on  the  concave 
edge  of  the  plate  near  either  end.  They  are  thus  either  over  or  close 
to  the  papula.    Pedicellariae  are  rare  in  this  family. 

Madreporic  body  small  and  on  account  of  the  encroachment  of  8 
plates  is  trilobate.    It  is  situated  about  one-third  r  from  center. 

Type.—Cid.  No.  82648,  U.S.N.M. 

Type-locality. — Station  5482,  off  Cabugan  Grande  Island,  Surigao 
Strait,  east  of  Leyte,  67  fathoms,  broken  shells,  stones,  green  mud. 

Distribution. — Known  only  from  type-locality. 

JSemarks. — The  classification  of  this  species  has  given  considerable 
trouble.  It  resembles  both  Parasterina  and  Asterinopsis.  I  have 
placed  it  in  the  latter  group  because  the  papulae  extend  nearly  to  the 
margin  and  there  is  no  sharply  defined  radial  area  of  irregular  abac- 
tinal plates.  The  actinal  intermediate  spinelets  are  in  fascicles,  and 
the  adambulacral  armature  is  sufficiently  near  that  of  Asterinopsis 
penictUaris  in  plan,  although  the  spinelets  are  more  numerous  in 
pedioeUaris.  There  are,  however,  very  few  secondary  abactinal  os- 
sicles, and  there  are  small  spiniform  pedicellariae  present.  The  gap 
between  Asterinopsis  and  Para/nepwnthia  is  not  great 

Although  this  species  resembles  Nepanthia  hrachiata  Koehler,  I 
think  that  species  is  nearer  platydisca  and  a  Paranepcmthia. 

Genus  PARANEPANTHIA  Fisher. 

Paranepantnia  Fisheb,  1917e,  p.  172.    Type,  Nepanthia  platydisca  Fisher. 

Diagnosis. — Similar  to  Asterina  in  form,  but  with  the  adambulacral 
armature  of  Nepanthia;  actinal  intermediate  plates  in  transverse 
series,  and  bearing  a  tuft  of  spinelets  which  becomes  compressed  and 
pectinate  toward  the  margin  of  disk;  bases  of  these  spinelets  webbed; 
abactinal  plates  imbricated,  divided  into  2  areas:  On  center  of  disk 
and  along  a  radial  band  they  are  rather  crescentic  with  a  few  smaller 
plates  intermingled  (usually  placed  adorad  to  the  hollow  of  the  cres- 
cent) ;  while  between  this  area  and  the  ambitus  the  plates  lack  the 
crescentic  form  and  are  arranged  in  transverse  series.  Superficially 
the  plates  resemble  low  parapaxillae,  as  they  bear  truncate  groups  of 
slender  spinelets. 

Remarks. — ^This  genus  is  distinguished  from  Asterina^  in  the  wider 
sense,  by  the  sharp  differentiation  of  the  plates  of  the  center  of  disk 
and  radial  areas  from  those  of  the  lateral  portion  of  the  abactinal 
surface;  by  having  an  adambulacral  armature  of  the  Nepanthii  type, 
though  less  extreme  than  that  of  maeulata;  and  by  the  arrangement 
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of  the  actinal  intermediate  plates  which  are  not  in  chevrons,  in  the 
ordinary  sense,  but  form  transverse  series,  separated  by  shallow 
grooves,  proceeding  from  the  adambulacrals  to  the  ambitus.  The 
first  few  series  do  not  reach  the  ambitus,  but  end  rather  irregularly 
on  the  inner  half  of  the  interradial  line.  This  may  be  true  to  a  cer- 
tain extent  in  Asterina,  but  its  plates,  as  in  Nepanthia^  form  series 
more  obviously  parallel  to  the  adambulacral  series.  In  Paranefan- 
thia  the  spinelets  of  the  actinal  intermediate  plates  are  in  bunches  or 
tufts  near  the  furrow  but  pectinate  toward  the  margin.  Nepantlm 
differs  in  having  the  rays  slender  and  cylindrical,  or  narrow,  flat- 
tened actinally  and  arched  abactinally  (hemicylindrical)  with  a  cor- 
respondingly narrowed  actinal  intermediate  area,  the  plates  of  which 
have  numerous  short  spinelets  like  the  abactinal  plates. 

Callopatiria  Verrill  ^  differs  in  lacking  the  differentiation  of  the 
abactinal  plates  into  2  areas,  in  having  the  adambulacral  armature 
more  nearly  like  that  of  Asterina^  and  in  having  many  small  second- 
ary abactinal  plates. 

Paranepanthia  seems  to  me  to  include  N.  bracMata  Koehler  (1910a, 
p.  188),  a  six-rayed  species  from  the  Andaman  Islands. 

PARANEPANTHIA  PLATYDISCA  (Fbher). 

Plate  U4,  figs  1,  4 ;  plate  U6,  figs.  4,  5 ;  plate  182,  figs.  1,  lor-b. 

NepantfUa  platydisca  Fishes,  1913c,  p.  218. 

Diagnosis. — ^Rays  5-  R=54:  mm.,  r=23  mm.,  E=2.3  r;  breadth  of 
ray  at  base,  36  mm. ;  interbrachia  rounded,  rays  tapering  evenly  from 
base  to  bluntly  pointed  extremity ;  general  form  much  flattened  and 
resembling  an  Asterina  with  thin  disk;  edges  of  disk  and  ray  thin; 
abactinal  plates  divided  into  2  areas,  a  median  radial,  where  the 
plates  are  irregularly  distributed,  and  lateral  areas,  where  the  plates 
form  transverse  (and  also  to  some  extent  longitudinal)  series,  the 
transverse  with  about  26  or  27  plates  at  base  of  ray ;  plates  resembling 
small  flat-topped  pseudopaxillae ;  actinal  intermediate  plates  small, 
in  transverse  series,  the  larger  plates  with  15  to  20  slender,  very  sharp, 
webbed  spines;  furrow  spines  7  or  8,  webbed  into  a  very  convex 
fan ;  subambulacral  spines  12  to  20,  also  webbed. 

Description. — ^The  general  form  is  flat,  the  body  being  thin,  much 
as  in  Anseropoda.  The  radial  areas  of  irregularly  arranged  plates 
are  sharply  marked  off  and  their  width  at  base  of  ray  is  about  one-half 
r,  while  on  the  interradial  line  they  occupy  a  trifle  more  than  one-half 
r.  Between  the  margin  of  the  median  area  and  the  ambitus  extend 
transterse  series  of  small  elliptical  plates,  which  also,  on  the  adradial 
half  ot  two-thirds  of  this  area,  form  longitudinal  series.  The  trans- 
verse series  sometimes  bifurcate  at  the  outer  ends,  and  the  plates  of 

^OallopaMa  Verrill,  May,  1913;  type,  Patiria  hellula  Sladen.  Amer.  Journ.  Scl., 
vol.  35,  p.  48^. 
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each  series  decrease  regularly  in  size  toward  the  ambitus.  In  a  com- 
plete series  reaching  the  margin  at  middle  of  iiiterbrachium  about  26 
or  27  plates  are  present,  while  at  the  middle  of  ray  about  17  or  18 
can  be  counted.  These  plates  are  roundish  or  broadly  elliptical  and 
overlap  strongly.  They  bear  elliptical  groups  of  short  papillif orm 
spinelets,  about  10  on  the  small  plates  and  20  or  25  on  the  larger. 
On  the  median  radial  areas  and  central  portion  of  disk  the  plates 
are  of  several  sizes,  especially  at  base  of  ray.  They  are  small  and 
roundish  or  larger  and  crescentic  or  elliptical.  On  the  distal  part  of 
ray  nearly  all  the  plates  are  small  and  bear  a  roundish  group  of  10  to 
18  very  short  spinelets,  while  the  larger  bear  25  t6  85.  These  groups 
of  spinelets  are  distinctly  spaced  and  resemble,  along  with  those  of 
the  lateral  areas,  low  parapaxillae  or  pseudopaxillae.  Papulae  are 
scattered  over  the  area  of  irregular  plates  and  extend  about  two- 
thirds  the  length  of  ray,  but  are  not  present  on  the  lateral  areas. 

The  marginal  plates  are  very  small.  The  inferomarginals  define 
the  ambitus,  while  the  subequal  superomarginals  are  abactinal  in 
position. 

The  actinal  intermediate  areas  are  broad,  the  plates  forming  well- 
marked  transverse  series,  the  plates  decreasing  gradually  in  size  to- 
ward the  ambitus,  where  they  are  very  small.  In  the  first  complete 
series,  at  base  of  ray,  are  85  plates;  at  the  middle  of  ray  there  are  20. 
The  larger  plates  bear  about  15  to  20  slender,  very  sharp  spinelets 
about  1  mm.  long  and  webbed  into  a  circular  group.  Usually,  how- 
ever, they  are  bent  toward  the  ambitus  and  form  a  double  series,  one 
covered  up  by  the  other.  The  combs  of  one  plate  overlie  the  base  of 
the  spines  of  the  next  plate  toward  the  margin.  Sometimes  the  spine- 
lets stand  more  erect,  and  then  the  combs  of  a  series  do  not  imbricate. 
The  transverse  series  are  separated  by  shallow  well-marked  grooves. 

Furrow  spines  7  or  8  slender,  untapered,  blunt,  united  by  a  web 
into  a  fan-shaped  group  with  a  strongly  convex  distal  margin.  The 
adoral  spine  is  usually  short,  about  equal  to  base  line  of  comb  in 
length.  The  next  2  are  increasingly  longer,  the  next  3,  subequal,  and 
the  last  slightly  shorter;  or  where  there  are  8  the  last  is  nearly  as 
short  as  the  first.  Subambulacral  spines  proximally  18  to  20,  but 
distally  only  about  12.  They  usually  stand  erect,  are  webbed,  and 
in  favorable  places  may  be  seen  to  form  a  very  convex  series,  with 
6  or  8  spines  in  the  concavity  of  the  series,  and  involved  in  the  same 
membrane.  Sometimes  there  is  an  appearance  of  2  concentric  series 
with  several  irregularly  disposed  spines  externally. 

Mouth  plates  with  11  or  12  marginal  spines,  increasing  in  length 

toward  the  inner  end  of  series,  the  companion  series  united  by  a 

common  web.    Suboral  spines  20  to  25,  in  2  series,  parallel  to  free 

margin,  with  5  or  6  extra  spines  between  the  second  series  and  the 

13434— Bull.  lOQ— 19 ^28 
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median  suture.  The  first  series  contains  7  or  8  spines  increasing  in 
length  toward  the  median  suture.  The  second,  less  regular,  c6ntaiiis 
6  or  6  spines. 

Madreporic  body  medium-sized,  situated  one-third  r  from  center. 
It  is  roughly  8-sided  and  surrounded  by  several  plates  larger  than 
the  neighboring  abactinal  plates. 

Type.—CBt.  No.  82644,  U.  S.  N.  M. 

Tyfe-locaUty. — Station  5645,  Buton  Strait,  Celebes,  206  fathoms, 
bottom  not  recorded;  1  specimen. 

DUtribydion. — ^Enown  only  from  type-locality. 

€reiiiui  NEPANTHIA  Gray. 

Nepanthia  Ghat,  1840,  p.  287.    Type,  N.  maculata  Gray. 

KBT  TO  THV  8PBCIB8  OF  NEPANTHIA  HSBKIN  DBSCBIBBD. 

a\  Rays  5,  marginal  plates  small,  not  defining  ambitus,  actlnal  surface  conyex, 
ray  cylindrical maculata,  p.  422. 

0^.  Bays  5  to  7;  Inferomarglnal  plates  conspicuous,  defining  ambitus;  actlnal 
surface  subplane,  abactinal  surface  convex joulHni,  p.  423. 

NBPANTHIA  MACULATA  Gny. 

Plate  IIB,  fig&  8,  4. 

Nepanthia  maculata  Gbay,  1840,  p.  287.— Pebbieb,  1875,  p.  822.~SLADDf, 
1889,  p.  888,  pi.  64,  figs.  1-4. 

Notes  an  Phdlippine  specimens. — It  is  not  possible  to  be  certain 
whether  these  specimens  are  really  N.  maculata  or  a  closely  allied 
species.  They  present  some  points  of  difference  from  Sladen's  figure 
and,  as  he  states,  the  few  descriptions  are  rather  vague.  In  the 
largest  specimen  R=60  mm.,  r=8  mm.;  R=6.26  r;  breadth  of  ray 
at  base  9  mm. 

The  differences  which  these  specimens  present  when  compared  with 
Sladen's  plate  will  be  noted.  The  form  of  the  ray  is  practically  the 
same.  The  abactinal  area  of  crescentif orm  plates  shows  this  differ- 
ence, that  the  little  plate  just  adorad  to  each  papula,  as  clearly  shown 
in  Sladen's  figure  8,  is  lacking  in  all  the  Albatross  examples.  This 
median  area  is  about  6  to  8  plates  wide,  counting  along  an  oblique 
series  (as  in  Sladen's  figure).  Then  come  on  either  side  between tiie 
crescentic  plates  and  the  inferomarginals,  at  base  of  ray,  about  6 
longitudinal  series  of  superficially  rectangular  plates,  the  plates  of 
the  outer  2  series  being  smaller  than  the  others.  Then,  counting 
toward  the  furrow  and  including  the  inferomarginal  series,  5  series 
of  plates  (close  to  interbrachium  7  series)  the  plates  of  the  2  inner 
series  much  larger  than  those  of  the  outer  8  or  4. 

The  greatest  difference  is  observable  in  regard  to  the  disposition  of 
the  adambulacral  spinelets.    Sladen  states  that  his  figure  4  represents 
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the  spinelets  in  what  he  believes  to  be  the  natural  posture  and  that 
this  condition  was  found  on  only  a  few  plates.  In  our  specimens 
only  the  2  innermost  fans  are  clearly  distinguishable,  the  spinelets 
on  the  outer  part  of  the  plate  being  less  regular  in  arrangement,  and 
similar  in  arrangement  to  those  of  N.  brevis^  although  more  numer- 
ous, as  well  as  slenderer  and  more  sharply  pointed. 

In  2  small  specimens  (R=14  mm.)  which  have  the  proportions  of 
N.  hrevis  but  which  are  believed  to  be  young  of  maculata^  the  arma- 
ture is  more  as  in  Sladen's  figure  4,  although  not  quite  so  regular; 
and  of  the  2  specimens  1  has  the  armature  more  regular  than  the 
other.  A  peculiarity  of  these  2  specimens  is  the  grouping  of  the 
spinelets  of  the  abactinal  crescentic  plates  in  8  or  sometimes  2  distinct 
tufts  to  each  plate.  This  gives  the  appearance  of  numerous  small 
plates. 

These  small  specimens  are  distinct  from  N.  brevis  and  N.  sufar- 
cinata^  and  of  course  may  represent  a  third  species.  Their  affinities 
are  close  to  N.  maculata. 

The  largest  specimen  has  2  madreporic  bodies.  The  others  have 
one. 

All  the  specimens  are  bleached  yellowish,  and  unspotted. 

Type-locality, — ^Migupou  (Gray). 

Distribution. — ^Philippine  Islands;  Arafura  Sea. 

Specimens  exarmned, — ^Four. 

Station  6157,  off  Tinakta  Island,  Tawi  Tawi  Group,  Sulu  Archi- 
pelago, 18  fathoms,  fine  sand ;  1  specimen. 

Station  5161,  same  locality,  16  fathoms,  fine  sand;  1  specimen. 

Station  5835,  Linapacan  Strait,  vicinity  Linapacan  Island,  north 
end  of  Palawan,  46  fathoms,  sand,  mud;  2  small  specimens. 

NBPANTHU  JOUBINI  K<Mlitor. 

Plate  U8,  figs.  1,  2. 

Nepanthia  jouhvni  Koehleb,  Description  d'une  Ast^rie  nouvelle  (Nepanthia 
Joubini),  provenant  du  cap  Saint- Jacques  (Cochin-chine).  BulL  da 
mns.  d'  hist  natureile,  July  1908,  No.  5,  p.  232. 

Notes  on  Philippine  specimens, — ^The  Leyte  specimen  is  larger  than 
Koehler's:  R=32  mm.,  r=7  mm.  There  are  6  rays,  2  large  ones 
opposite  each  other  with  a  pair  of  small  ones  between  on  either  side. 
There  is  only  1  madreporic  body.  The  adambulacral  armature 
greatly  resembles  Sladen's  figure  (1889,  pi.  68,  fig.  5)  of  that  of  N. 
brevis.  In  the  furrow  series  are  7  webbed  spines,  the  median  the 
longest;  the  first  subambulacral  contains  about  7  spines  forming  a 
very  convex  fan,  parallel  to  the  furrow  series,  while  8  to  5  spinelets 
stand  just  back  of  the  subambulacral  series  and  are  invested  by  the 
same  membrane.    The  plates  of  the  median  radial  area  are  less  regu- 
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lar  than  in  Koehler's  type,  but  the  specimen  is  larger,  which  may  ac- 
count for  the  difference. 

Numerous  papulae  are  guarded  by  simple  pedicellariae  consisting 
of  2  to  4  sharp  spinelets,  which  meet  at  a  common  point  and  resemble 
somewhat  the  fasciculate  pedicellariae  of  Pectinaster.  Similar 
pedicellariae  are  common  in  Astennopsis  pediceUaris. 

The  inferomarginal  plates  are  larger  than  the  others,  longer  than 
wide,  and  define  the  ambitus.  I  am  in  considerable  doubt  as  to 
whether  this  specimen,  which  is  regenerating  4  rays  is  not  really  a 
6-rayed  N.  brevis  Perrier. 

The  smaller  specimen  has  perfectly  regular  abactinal  plates. 

Type-locality. — Cochin  China  (Cape  St.  Jacques). 

Distribution. — Known  only  from  the  type-locality,  from  off  Leyte 
(vicinity  Surigao  Strait),  57  fathoms,  shells,  and  from  near  Jolo. 

Specimens  examined. — Station  5478,  off  Tacbuc  Point,  Leyte 
(vicinity  of  Surigao  Strait),  57  fathoms,  shells. 

Marongas  Island,  north  of  Jolo,  from  a  coral  head,  small  specimen. 

Genus  ANSEROPODA  Nardo.' 

Anseropoda   Nardo.   Oken's   Isis,   1887,  p.   716.     Type,   A,   membranacea 
(Retzius). 

ANSEROPODA  MACROPORA  Fioher. 

Plate  110,  fig.  3 ;  plate  131,  figs.  3,  Sor-h. 
Anseropoda  maoropora  Fishkb,  1913c,  p.  219. 

Diagnosis. — Rays  5.  R  =  16  mm.,  r  =  8.5  mm.,  R  =  slightly  less 
than  2  r.  Proportions  and  form  variable;  a  four-rayed  specimen 
has  the  following  dimensions:  R  =  17.5  mm.,  r=13  mm.,;  in  the 
latter  the  margin  of  ray  curves  outward  and  has  a  broad  leaflike 
contour.  Species  characterized  by  presence  along  radial  line  of  a 
zigzag  series  of  7  to  11  wartlike  conspicuous  protuberances  composed 
of  4  upright  spinulate  plates  guarding  a  large  papular  pore;  other 
abactinal  plates  with  divaricate  tuft  of  8  to  12  very  delicate  spine- 
lets;  actinal  intermediate  area  with  spaced  combs  of  3  to  5  delicate 
sharp  spinelets;  furrow  spinelets  6,  webbed,  the  adoral  set  back 
slightly  from  margin;  subambulacral  spinelets  1  or  2,  near  adoral 
margin  of  plate. 

Description. — Body  very  thin  and  raised  only  along  the  radial 
lines,  where  there  are  7  to  11  large  papular  pores  forming  a  zigzag 
series  and  each  guarded  by  4  plates,  the  edges  of  which  are  raised 
so  as  to  form  a  little  mound  or  wartlike  protuberance.  The  free 
edges  of  the  plates,  bordering  the  relatively  large  pore,  are  semicir- 
cular and  the  free  surface  of  the  plate  is  nearly  perpendicular.  These 
plates  are  covered  with  numerous  short,  terete,  delicate,  blunt  spine- 


*  Cama  Glstel,  Naturgeschlchte  des  Thlerreichs,   1848,  p.  176.     Type,  AaterUu  mem- 
branacea. 
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lets,  which  guard  the  pore,  and  also  extend  part  way  down  the  sides 
of  the  plates,  which  appear  to  be  slightly  movable.  The  single  papula 
is  large.  The  other  abactinal  plates  are  yrranged  in  very  definite 
series  parallel  to  the  interradial  line,  and  in  the  four-rayed  cotype 
they  also  form  longitudinal  series  parallel  to  the  radial  line.  This 
is  true  also  of  the  type  but  the  longitudinal  series  are  less  evident. 
The  dorsolateral  plates  bear  a  tuft  of  8  to  12  radiating,  slightly 
spaced,  very  delicate  terete  spinelets,  either  blunt  with  several  fine 
points,  or  slightly  tapered  and  sharp.  These  groups  are  spaced  about 
one-half  their  own  diameter  and  the  spinelets  are  considerably 
smaller  than  those  of  the  pore-plates.  The  marginal  plates  are  very 
small  with  a  marginal  fringe  of  small  spinelets. 

Actinal  intermediate  plates  in  very  definite  series  leading  from 
the  furrow  to  margin  and  also  in  series  parallel  to  furrow.  Each 
plate  has  a  comb  of  4  or  5  very  delicate,  sharp,  spinelets  becoming 
reduced  to  3  distally  and  toward  the  margin.  The  median  spinelet 
is  the  longest,  and  slightly  overlaps  the  base  of  the  next  comb  toward 
margin. 

Furrow  spinelets  5,  webbed,  very  slender  and  delicate,  pointed, 
the  adoral  set  back  from  the  margin  slightly  and  about  two-thirds 
or  three-fourths  the  length  of  the  others,  which  are  subequal,  and 
about  twice  as  long  as  the  base  line  of  the  comb.  Back  of  the  adoral 
spinelet  near  the  transverse  margin  are  proximally  2  shorter,  slender, 
subambulacral  spinelets,  becoming  1  distally,  and  disappearing  near 
end  of  ray. 

Type.—Cvii.  No.  32645,  U.S.N.M. 

Type-locality, — Station  5146,  Sulu  Archipelago,  off  Sulade  Island, 
southwest  of  Jolo,  24  fathoms,  coral  sand,  shells;  2  specimens,  1 
imperfect. 

Distribution. — Kiiown  only  from  the  type-locality. 

Remarks. — ^This  species  belongs  to  the  section  of  the  genus  in 
which  there  are  few  papular  pores,  in  a  single  series  on  either  side 
of  the  median  radial  line.  Its  distinguishing  peculiarity  is  the  spe- 
cialization of  these  pores,  which  are  guarded  by  elevated  plates  form- 
ing tubercular  spinulate  protuberances.  The  papulae  themselves 
are  large. 

Anseropoda  macrapora  is  most  nearly  related,  I  think,  to  A.  peta- 
hides  (Goto),  Misaki,  Japan.  It  also  bears  a  considerable  resem- 
blance to  A,  tenuis  (Goto),  Misaki,  Japan.  (See  Goto,  1914,  pp. 
656-662,  pi.  19,  figs.  282-286.) 

ANSEROPODA,  species 

There  is  a  fragment  comprising  the  greater  part  of  1  ray,  from  sta- 
tion 5433,  off  Corandagos  Island,  eastern  Palawan,  green  mud,  coral 
sand.  The  species  is  new  and  resembles  A.  diapTuma  (Sladen)  but 
is  of  a  stouter  habit  apparently.    It  is  not  possible  to  be  sure  that 
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there  are  5  rays,  as  none  of  the  disk  is  present.  The  species  differs 
from  A.  diaphana  in  having  more  nmnerous  spinelets  in  the  abacti- 
nal  tufts,  much  more  numerous  papular  pores,  these  being  arranged 
in  2  irregular,  sometimes  zigzag,  series  along  either  side  of  a  narrow 
median  radial  area*  The  abactinal  plates  usually  have,  near  base  of 
ray  and  radius,  8  tufts  of  spinelets,  of  which  the  median  is  large  and 
carries  12  to  20  delicate  sharp  spinelets,  and  the  small  lateral  tufts 
only  2  to  5.  Sometimes  there  is  1  small  tuft.  Near  the  margin,  only 
the  large  tuft  persists.  The  furrow  spinelets  are  6  or  7  {6  in  di- 
aphana) .  Subambulacral  spinelets  proximally  5,  then  4,  then  8.  The 
median  1  or  2  are  much  the  stoutest.  Actinal  intermediate  spinelets 
8  to  6,  in  a  single  series,  basally  webbed,  the  median  1  or  2  much  the 
stoutest. 

Sladen  states  that  in  diaphana  the  papular  pores  are  large  and 
spiraclelike,  margined  by  7  or  more  plates,  each  of  which  bears  a 
small  comb  of  rather  elongate  spinelets  directed  over  the  opening. 
In  the  present  species  the  pores  are  margined  by  8  to  5  plates.  It  is 
possible  that  on  the  disk  there  were  more. 

FamUy  ECHINASTERIDAE  Verrffl  (restricted). 
GenuB  ECHINASTER  Miiller  and  TnwcheL 

Eohinaster  MthXEB  and  Tbobchel,  1840a,  p.  102;  1840&,  p.  821.  Type, 
Asterias  seposiia  Lamarck  (not  Retzius,  178S)  ^A8terias  sagena  Ret- 
zius,  1805,  first  species  (designated,  Fisher,  1918&).— Fishbb,  1911d, 
p.  260;  19135,  p.  194.--yEBBiLL,  1914a,  p.  206  (+OthiUa)  ;  1915,  p.  85 
(+OthUia). 

Rhopia  Ghat,  1840,  p.  282.  Type,  R.  sepoHta  Gray=il.  sagena  Betzina,  not 
A,  sepoHta  Retzius  as  stated  by  Gray  (designated,  Fisher  191S&). 

The  genus  Eohinaster  Miiller  and  Troschel  (April,  1840)  is  usually 
understood  to  include  OthUia  and  Rhopia  Gray  (December,  1840). 
In  a  key  to  the  genera  of  Echinasteridae  in  Asteroidea  of  the  North 
Pacific,  etc.  (1911,  p.  259),  I  recognized  OthiUa  for  those  species 
which  have,  in  addition  to  abactinal  papulae,  also  intermarginal 
papulae  or  both  intermarginal  and  actinal  papulae,  while  the  name 
Echinaster  by  implication  was  reserved  for  Echinaster  sepasitw  and 
allies,  in  which  there  are  neither  intermarginal  nor  actinal  papulae. 

Professor  Verrill,  in  a  letter,  dissented  from  this  course.  I  pub- 
lished a  short  note  (1918&)  in  explanation  of  my  point  of  view, 
which  is  here  largely  reproduced. 

Professor  Verrill  considers  that  Aaterias  spinosa  Betzius  (1805),* 
which  I  made  the  type  of  OthUia  Gray,  is  really  the  type  of  the 
previously  described  Echinaster^  by  designation  (Miiller  and  Tros- 

^Thls  name  is  preoccapied  by  Asteriaa  9pino$a  Pennant,  1777  i'^A9teria»  glacUOU, 
1758].    A9teria9  eoMnophora  Lamarck,  1816,  ii  the  tenable  name  for  the  species. 
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chel,  1842,  p.  22,  footnote).  This  would  make  Othdlia  a  synonym  of 
Echinaster  Miiller  and  Troschel.  Echinaster  would  therefore  be  the 
correct  name  for  the  genus  which  I  call  OthiUa^  while  the  genus  here 
called  Echinaster  would  receive,  as  I  pointed  out  in  1913,  the  name  of 
Bhopia  Gray.  Verrill  has  since  published  his  views  (1914a,  p.  207, 
1915,  p.  86)  but  appears  not  to  have  seen  my  note  of  1913. 

The  distinction  between  the  r^ricted  Echinaster  and  OthUia  may 
seem  a  trifle  subtle.  In  practice,  however,  it  has  not  been  difficult  to 
use  the  two  groups — at  least  so  far  as  species  which  I  have  person- 
ally examined  are  concerned.  It  may  be  noted  that  the  same  differ- 
ence separates  Henricia  and  CnbrasteVj  the  latter  corresponding  to 
Echinaster.  The  following  notes  will  present  my  reasons  for  retain- 
ing the  name  OthUia  for  the  American  species. 

The  original  description  ^  of  Echinaster  is  not  accessible,  but  it  was 
reprinted'  in  September  of  the  same  year  in  the  Archiv  fur  Natur- 
geschichte,  with  the  following  enumeration  of  species:  '^4  Arten:  A. 
sepitosa  Lam.  l=A.  seposital,  A.  echinophara  Lam.  {Pentadaotylo- 
saster  spinosus  Linck),  E.  spangiosus  Nob.  (Linck,  t.  36,  n.  62)  und 
eine  neue  Art."  As  a  footnote  is  the  following:  ^^ Echinaster  ist  der 
alteste  von  Luidius  und  Petiver  fiir  ein  hierher  gehoriges  Tier 
gebrauchte  Name."  There  was  no  designation  of  type.  Two  years 
later  in  the  System  der  Asteriden  (p.  22),  the  species  of 
Echinaster  are  cited  in  different  order,  namely:  spimasus^  hrasUiensis^ 
crassus,  gracilis^  sepositusj  faUax^  eridaneUa,  serpentariw,  oculatus, 
eschrichtO,  Solaris.  In  a  footnote  referring  to  Echinaster^  the  note 
quoted  above  is  somewhat  amplified  as  follows :  "  Ein  von  Luidius, 
Petiver  und  linck  zur  Bezeichnung  eines  hierher  gehorigen  Tieres, 
Asterias  echinophora  Lam.,  angewandter  Name."  This  seems  to  me 
to  be  not  a  designation  of  type  but  an  explanation  of  the  derivafion 
of  the  new  generic  name,  employed  previously  by  Petiver  in  the 
following  polynomial:  ^^ Echinaster  sen  Stella  coriacea  pentadactyla 
ediinata."  Asterias  seposita  was  given  first  place  in  the  original 
description  of  Echinaster  and  it  is  reasonable  to  consider  the  Euro- 
pean species  as  the  type,  as  is  very  generally  done  when  the  genotype 
is  in  doubt. 

Professor  Verrill  (1914&,  p.  207)  says:  "The  type  of  the  latter 
[Echinaster  Muller  and  Troschel]  was  E.  spvnosus^Asterias  echi- 
nophora Lam.,  both  by  virtual  tautology  and  by  designation."  As 
pointed  out  in  the  preceding  paragraph,  Muller  and  Troschel's 
"designation"  is  simply  an  explanation  of  the  derivation  of  their 
name.  The  alleged  tautology  seems  to  me  to  be  rather  strained,  inas- 
much as  echinophora  was  not  a  .tenable  name  according  to  Muller 

1  MonatBber.  d.  k.  preuss.  Akad.  d.  WIsb.  Berlin,  April,  1840,  p.  102. 
'Archly  f.  NatnrgeBch.  6.  Jabrg.,  yol.  1,  p.  821. 
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and  Troschel's  views,  and  '^  echinophora^^  is  certainly  not  ^'Echi- 

As  noted  under  the  synonymy,  Rhopia  Gray  (1840,  p.  282)  was 
founded  upon  two  species,  Rhopia  seposita  and  R.  mediterranean 
the  first  of  which  I  have  already  designated  as  type  (19136,  p.  195). 
Gray  states  that  Rhopia  aepoaita  is  the  same  as  Asterias  seposita 
Retzius,  1783,  and  Asterias  aeposita  liamarck,  1816.  He  was  appar- 
ently mistaken  in  regard  to  Retzius'  species,  which  is  said  by  Muller 
and  Troschel  (1842,  p.  127)  to  be  the  same  as  the  species  now  known 
as  Eenricia  aanguinolenta  (O.  F.  MuUer,  1776).  Lamarck's  i. 
seposita  originally  included  the  species  now  called  Echinaster  seposi- 
tus  and  Eenricia  aanguinolenta^  but  was  restricted  to  the  former  by 
Muller  and  Troschel  (1842,  p.  28, 126,  but  synonymy  on  p.  28  is  cor- 
rected on  p.  126  and  127).  Gray  must  have  had  in  mind  the  Medi- 
terranean species  for  his  type,  because  he  had  already  made  the 
true  Asteriaa  seposita  of  Retzius  the  type  of  Henrioia  under  the 
name  of  oculata  Pennant  (1777)  [this  being  antedated  by  A, 
sanguinolenta  O.  F.  Muller,  1776].  Likewise  his  short  diagnosis 
refers  to  Eckinaster  and  not  to  Eenricia^  and  the  inclusion  of 
Rhofia  mediterranean  a  synonym  of  E.  seposita  (Lamarck)  indicates 
the  group  intended,  namely,  what  I  call  Echinaster. 

It  is  evident  from  the  foregoing  that  the  name  seposita  occurs 
under  two  diflFerent  meanings.  In  any  event  the  Asterias  seposita 
of  Lamarck  is  invalidated  because  it  is  a  homonym  of  A.  seposita 
Retzius,  1783.  Now  A,  seposita  Retzius  is  itself  a  synonym  of  A, 
sanguinolenta  O.  F.  Muller,  and  is  therefore  shelved.  In  order  to 
use  seposita  as  the  name  of  the  Mediterranean  Echinaster^  it  would 
be  necessary  to  show  that  Retzius  referred  to  this  species.  He  did 
not  refer  to  it,  because  his  locality  and  description  indicate  Eenricia, 
and  he  later  described  the  Echinaster  in  question  as  Asterias  sagem 
and  A.  sanguinolenta  (Dissertatio,  1806,  pp.  21,  22).  NaturaUy  the 
second  of  these  names  is  rendered  untenable  by  being  a  homonym  of 
A.  sojiguinolenta  O.  F.  Muller,  1776.  But  Asterias  sagena  is  ap- 
parently available,  and  should  be  used  in  place  of  seposita.  The  type 
of  Echinaster  is  therefore  Echinaster  sa^enus  (Retzius). 

ECHINASTER  CALLOSUS  Ton  MArenaeUer. 

Plate  112,  flg.  2 ;  plate  122,  figs.  4,  5 ;  plate  182,  flgs.  5,  5ar^. 

Echinaster  callosus  von  Mabenzelleb,  t)ber  eine  neue  Eehinaster-Art 
von  den  Salomons-Inseln,  Denk.  k.  Akad.  Wlss.  Wlen,  vol.  62,  p.  531, 
1  pi.— KOEBLEB,  1910a,  p.  174. 

Notes  on  the  specimens. — ^The  largest  specimen  is  larger  than  the 
type,  having  R=:215  mm.,  r=22  mm.,  R=9.8  r.  The  disk  is,  there- 
fore, as  in  the  type,  quite  small,  and  the  rays  are  a  trifle  swollen 
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above  the  base,  about  as  indicated  in  von  Marenzeller's  figure.  This 
character  is  also  present  in  a  young  specimen  with  K=42  mm. 

I  have  examined  the  outer  layer  of  the  integument  for  the  holo- 
thurianlike  deposits  described  by  von  Marenzeller  and  find  them 
present  in  the  form  of  irregularly  branched  rods  scattered  irregu- 
larly and  not  crowded  as  in  the  following  species.  These  rods  are 
of  variable  size  and  form;  sometimes  the  branches  unite  and  form 
open  lattice-plates  with  1  to  5,  or  even  more,  unequal  and  irregular 
perforations.  There  are  fewer  perforated  plates  than  rods.  (See 
pi.  114,  figs.  5,  bor-e. 

The  young  specimen  is  chiefly  noteworthy  in  showing  the  double 
row  of  marginals  much  more  clearly  than  the  adult.  In  the  inter- 
brachial  arc  there  are  about  a  dozen  small  plates  interpolated  be- 
tween the  two  series.  The  papular  areas  are  sharply  limited  by  the 
superomarginal  plates,  there  being  no  intermarginal  or  actinal 
papulae.  The  same  is  true  of  the  adult.  What  appear  to  represent 
the  inferomarginal  plates  (in  the  young  specimen)  is  a  series  of 
roughly  elliptical  or  oval  plates  adjacent  to  the  adambulacrals. 
Closely  apposed  to  these  is  a  similar  series  representing  the  supero- 
marginals,  but  separated  from  them  in  the  interbrachial  arc.  Im- 
mediately above  the  superomarginals  the^  irregular  mesh-work  skele- 
ton begins,  so  that  there  is  really  no  other  interpretation  possible  for 
these  plates  unless  the  superomarginal  series  is  wanting.  About 
every  fourth  or  fifth  superomarginal  bears  a  stout  conical  spine,  and 
about  every  fourth  inferomarginal  a  similar  spine,  but  the  spines  of 
the  2  series  are  not  exactly  opposite;  they  may  even  alternate.  (See 
pi.  122,  fig.  5.)  Just  external  to  the  mouth  plates  and  wedged  between 
them  and  the  first  inferomarginal  of  each  series  is  a  prominent  un- 
paired actinal  intermediate  plate  bearing  a  spine.  A  rudimentary 
plate  is  present  on  either  side  of  this.  The  presence  of  these  plates 
pretty  well  establishes  the  identity  of  the  inferomarginals.  In  the 
adult  several  additional  plates  are  present  on  either  side  of  the  odd 
plate  forming  short  series  which  do  not  extend  beyond  the  sixth  or 
seventh  adambulacrals. 

Type-locality. — Solomon  Islands. 

Distribution. — Solomon  Islands ;  Celebes ;  Sulu  Archipelago ; 
Andaman  Islands  (Koehler). 

SpeGtmens  examined. — ^Three : 

Station  5138,  vicinity  of  Jolo,  19  fathoms,  sand  and  coral;  1 
specimen  (young). 

Ligpo  Point,  Balayan  Bay,  Luzon;  1  specimen  (adult). 

Una  Una  Road,  Binang  Unang  Island,  Gulf  of  Tomini,  Celebes; 
1  specimen  (large). 
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BCHINASTEB  8TERE080MUS  PIdMr. 

Plate  122,  figs.  2,  8;  plate  182,  figs,  e,  Qa-e. 
EcMnMter  atereo9amu9  Fisheb,  1918&,  p.  185. 

Diagna8ia.—R9Ly8  6.  R=62  mm.,  r=10  mm.,  R=6.2  r;  breadth  of 
ray  at  base,  12  mm.  Disk  fairly  large;  rays  tapering  at  first  rather 
rapidly,  then  very  gradually,  the  distal  two-thirds  being  attenuate; 
abactinal  surface  of  rays  well  arched,  actinal  surface  slightly  convex. 
Spines  short,  conical,  sharp,  spaced  2  to  4  times  their  length,  forming 
2  marginal  and  proximally  6  (distally  3)  abactinal,  longitudinal 
series;  papulae,  1  to  5  to  each  of  the  roundish,  or  more  or  less  quad- 
rate areas;  no  intermarginal  or  actinal  papulae;  skin  fairly  thick, 
covering  everything  except  the  tips  of  spines,  and  crowded  with 
minute  perforated  plates  and  rods;  a  few  true  actinal  intermediate 
plates  present,  all  but  1  (which  bears  a  spine)  rudimentary ;  adam- 
bulacral  armature  a  vertical  series  of  3  spines,  the  uppermost  on 
border  of  furrow,  the  lower  deep  in  furrow ;  upper  spines  with  their 
membrane  investment  forming  a  continuous  serrate  web  closing 
mouth  of  furrow.  Related  to  E.  caUosus^  but  with  larger  disk,  shorter 
rays  broader  at  base,  shorter  spines,  3  adambulacral  spines,  and 
thinner  skin,  crowded  with  much  more  numerous,  evenly  distributed 
perforated  plates  of  a  different  form. 

Description. — ^Abactinal  skeleton  rather  open,  forming  quadrate  or 
roundish  meshes,  becoming  elongate  near  end  of  ray.  Most  of  the 
nodal  points  bear  a  short,  stout,  conical  spine  on  an  eminence  of  the 
plate.  These  spines  form  at  base  of  ray  5  abactinal,  1  lateral,  and  1 
actinal  series,  the  last  two  borne  by  the  superomarginal  and  infero- 
marginal  plates,  respectively.  The  abactinal  series  adjacent  to 
superomarginals  ends  at  about  the  distal  third  of  ray,  so  that  beyond 
this  point  there  are  only  3  abactinal  series  of  spines.  The  spines  are 
well-spaced  and  proximally  the  abactinal  series  are  sometimes  rather 
irregular.  The  larger  abactinal  plates  are  three-  or  four-lobed  and 
are  connected  proximally  by  a  secondary  ossicle  (sometimes  2),  three- 
lobed  or  subtriangular,  oblong,  or  roundish.  On  the  outer  part  of 
the  ray  3  or  4  smaller,  overlapping  secondary  plates  may  stand  in  a 
longitudinal  series  between  2  spine-bearing  plates  which  are  convex, 
while  the  connecting  plates  are  not.  The  marginal  plates  form  per- 
fectly regular  series.  The  inferomarginals  have  4  rounded  comers 
and  are  adjacent  to  the  adambulacrals.  The  first  4  or  5  plates  usually 
each  bear  a  ^ine;  beyond  this  point  every  third  or  fourth  plate  is 
spinif erous.  The  superomarginals  are  directly  above  the  inferomar- 
ginals and  leave  only  small  skeletal  spaces  between.  Near  the  base 
of  ray  the  series  turns  upward  as  in  other  species  of  EcMnaster^ 
leaving  a  triangular  space  filled  with  about  3  series  of  small  inier- 
margiruil  plates.    On  the  proximal  third  of  ray  usually  every  third 
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plate  bears  a  spine;  beyond  this  about  every  fourth.  Terminal  plate 
small,  with  a  semicircular  series  of  about  6  small  spines  on  the  distal 
margin. 

There  are  no  papulae  between  the  marginal  plates,  nor  actinally. 
The  larger  papular  areas  (those  on  the  median  proximal  region  of 
ray)  contain  8  to  5  papulae;  the  others  1  or  2. 

The  body  is  overlaid  by  a  tough  skin  of  medium  thickness  which 
covers  everything  but  the  sharp  tips  of  the  spines.  It  contains  numer- 
ous glands  which  are  rendered  visible  by  a  short  immersion  in  caus- 
tic potash.  The  skin  is  crowded  everywhere  with  minute  perforated 
plates  sometimes  as  many  as  4  deep  but  usually  about  2  deep.  They 
are  always  so  close  that  several  overlap  one  another.  Thay  vary  in 
form  from  dumbbell-shaped  rods  with  1  or  2  perforations  to  round- 
ish or  oblong,  elliptical,  smooth  plates  with  from  4  to  8  perforations, 
the  plates  being  predominant.  The  border  of  the  plates  is  irregular, 
with  short  protuberances.  The  medium-sized  plates  measure  about 
0.04  mm.,  and  the  largest  0.05  mm.,  longest  diameter. 

Adambulacral  plates  with  proximally  3  (distally  2  or  3)  rather 
slender  spines  in  a  vertical  series,  the  2  lower  standing  one  above  the 
other  on  the  furrow  face  of  the  plate,  while  the  third  is  on  the  furrow 
margin  proper,  and  the  series  is  united  along  the  whole  length  of  the 
furrow  by  a  continuous  membrane,  forming  a  serrated  border  to 
furrow  and  usually  closing  it  by  interlocking  more  or  less  with  the 
spines  of  the  opposite  side.  This  spine  is  the  longest  of  the  8,  being 
about  one  and  one-half  times  the  width  of  plate,  acicular,  sharp. 
On  account  of  the  heavy  membrane  it  appears  stouter  than  it  really 
is.  The  spine  below  this  is  a  trifle  smaller,  while  the  lowest  is  com- 
pressed, curved  at  the  base  and  shorter  still.  The  three  are  united 
by  membrane,  at  least  basally.  Some  of  the  proximal  plates  have 
only  1  spine  in  the  furrow,  but  usually  there  are  2. 

Mouth  plates  with  2  spines  on  the  margin  of  furrow,  and  on  the 
furrow  face  of  the  plate  2  smaller  spines,  the  upper  usually  but  not 
always  larger  than  the  corresponding  (middle)  adambulacral  spine. 

Just  back  of  the  mouth  plates  and  between  them  and  the  infero- 
marginals  (which  extend  proximad  as  far  as  the  third  adambulacralj' 
is  a  fair-sized  actinal  intermediate  plate  bearing  a  spine  similar  to 
those  of  the  inferomarginals.  On  either  side  of  this,  and  wedged 
m  between  the  third  and  fourth  adambulacrals  and  first  inferomar- 
ginals, are  2  or  8  very  small,  almost  rudimentary  actinal  intermediate 
plates.  These  are,  of  course,  invisible  unless  the  integument  is 
thoroughly  cleaned  off.  There  are  thus  6  or  6  actinal  intermediate 
plates  entirely  distinct  from  the  rather  numerous  intermarginals 
which  form  a  large  part  of  the  actinal  area  of  disk. 

Madreporic  body  small,  raised,  flat-topped,  with  few  striations. 
It  is  situated  a  trifle  less  than  one-half  r  from  center. 
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Color  in  alcohol,  bleached  reddish  brown. 

Type.— C^t.  37001,  U.S.N.M. 

Type-locality. — Station  6483,  Suiigao  Strait,  off  Cabugan  Grande 
Island,  74  fathoms,  sand,  broken  shells ;  2  specimens. 

Diatrihution. — ^Philippine  Islands,  74  to  76  fathoms,  on  sand. 

Specimens  examined. — ^Three;  2  from  type-locality  and  1  from  sta- 
tion 5140,  off  Jolo,  Sulu  Archipelago,  76  fathoms,'  fine  coral  sand. 

Re?nark8. — ^This  species  bears  a  certain  resemblance  to  E.  callosus, 
but  the  disk  is  much  larger,  the  ray  shorter,  and  broadest  at  base, 
not  slightly  constricted  as  in  callosm;  the  spines  are  much  less 
prominent;  the  skin  is  thinner,  especially  around  the  spines;  papulae 
fewer;  skeleton  more  regular;  there  are  usually  3  adambulacral 
spines  in  a  vertical  series  (2  in  callosus)^  and  the  deposits  of  the 
skin  are  very  numerous,  fairly  evenly  distributed,  and  in  the  form 
of  perforated  plates,  rather  than  branched  rods  or  rather  open 
plates  in  streaks  or  areas.  The  plates  are  so  numerous  in  the  speci- 
men from  station  5140  that  they  form  several  layers  in  places  and 
nearly  always  overlap.  In  E.  callosus^  which  I  examined,  the  de- 
posits might  be  described  as  being  scattered. 

Echvnaster  acanthodes  H.  L.  Clark  (1916,  p.  61)  from  Queens- 
land is  nearly  related  to  the  present  species  and  greatly  resembles 
it.  E.  acanthodes  has,  on  every  other  adambulacral  plate,  except  on 
the  12-16  plates  nearest  the  mouth  a  conspicuous  subambulacral 
spine,  in  addition  to  the  three  spines  in  the  furrow.  Deposits  in  the 
skin  are  not  described. 

Genus  OTHIIJA  Gray. 

OthUia  Gray,  1840,  p.  281.— Type,  Aaterias  spinosa  Retzius.  1805  (not 
Pennant,  1777)  =A8tericts  echinopJiora  Lamarck,  first  species  (by  desig- 
nation, Fisher,  19136).-— Fisheb,  lOlld,  p.  260;  19136,  p.  195. 

Echinasier  Mt^ixEB  and  Tboschel  (part),  1840a,  p.  102;  18406,  p.  321; 
1842,  p.  22.— Authors  generally.— Vebbill,  1914o,  p.  206;  1915,  p.  35. 

Considerations  which  have  led  to  the  retention  of  OthUia  as  the 
name  of  this  restricted  group,  instead  of  Echinaster  Miiller  and 
Troschel,  have  been  discussed  under  the  preceding  genus. 

OTHILIA  PURPUREA  Gray. 

Plate  122,  fig.  1 ;  plate  132,  figs.  7,  7a-6. 
OthUia  purpurea  Gray,  1840,  p.  282. 
Notes  on  Philippine  specim^ens. — ^The  specimens  vary  as  to  length 
of  ray.  One  with  long,  slender  rays  has  R=86  nom.,  r=12  nun., 
R=7  r;  ray  7  times  as  long  as  its  breadth  at  base,  measured  along- 
side from  interbrachial  angle.  Another  specimen  with  stouter, 
broader  rays  has  R=81  mm.,  r=15  mm.,  R=5.4  r ;  longest  ray  5  times 
its  breadth  at  base.    The  rays  are  generally  unequal  in  length. 
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Of  the  24  specimens,  12  have  6  rays  and  2  madreporic  bodies,  4 
have  5  rays  and  2  madreporic  bodies,  1  has  6  rays  and  1  madreporite, 
1  has  5  rays  and  1  madreporic  body,  3  are  comet  forms  (6  rayed,  and 
1  has  2  madreporic  bodies) ;  2  six-rayed  and  1  five-rayed  specimens 
each  have  the  madreporic  bodies  (which  are  normally  small)  too  in- 
conspicuous to  determine  exactly. 

The  photographic  figures  will  sufficiently  show  the  external  form 
of  the  species.  It  remains  to  note  the  arrangement  of  papulae  and 
a  few  other  features  which  are  not  very  well  known.  Just  external 
to  the  adambulacral  plates,  and  without  intervening  papular  pores  is 
a  straight  series  of  inferomarginal  plates,  about  10  corresponding 
to  16  adambulacrals.  These  plates  are  four-lobed  and  extend  from 
behind  the  mouth  plates,  where  there  is  an  odd  plate,  to  the  tip  of 
the  ray.  This  is  similar  to  the  arrangement  in  Hemicia  except  that 
the  prominent  actinal  intermediate  series  is  lacking.  The  odd  plate 
just  referred  to  probably  corresponds  to  the  odd  actinal  intermediate 
plate  which  I  have  found  in  EcJuTUister  callosus  and  E.  stereosom/us^ 
and  is  not  a  true  inferomarginal.  The  superomarginal  plates  are  im- 
mediately above,  and  separated  by  a  series  of  papular  areas,  contain- 
ing usually  only  a  single  papula  (sometimes  2  or  3  at  base  of  ray). 
Near  the  base  of  the  ray  (as  in  Hewricia)  the  superomarginal  series 
bends  upward  and  reaches  the  interradial  line  about  midway  between 
mouth  and  anus.  The  angular  space  between  the  2  series  is  filled  in 
with  intermarginal  plates  and  about  6  or  7  papular  areas. 

The  abactinal  plates  form  roundish  or  more  or  less  irregular 
meshes,  10  to  12  of  which  can  be  counted  across  ray  from  one  supero- 
marginal series  to  the  other.  These  meshes  are  largest  in  the  mid- 
radial  region,  and  contain  between  5  and  10  papulae.  Most  of  the 
abactinal  and  all  the  marginal  plates  bear  a  short  central,  conical, 
blunt  spinelet,  heavily  invested  in  membrane. 

The  skin  contains  crowded  holothurianlike  perforated  plates  hav- 
ing an  irregularly  elliptical,  oval,  or  subcircular  form  with  10  to  20 
perforations.  Many  are  very  irregular  and  in  the  form  of  branched 
and  perforated  rods.  These  are  incomplete  plates.  The  largest 
plates  are  about  0.05  mm.  in  diameter  (see  pi.  132,  figs.  7,  7a-6).  If  a 
light-colored  specimen  is  immersed  for  a  short  time  in  caustic  potash 
the  crowded  deposits  can  be  readily  seen  with  a  strong  hand  lens  as  a 
minute  grayish  granulation  in  the  skin.  These  deposits  are  slightly 
thicker  around  the  edges  of  the  papular  pores  where  they  form 
rings.  This  immersion  in  caustic  also  reveals  numerous  glands  scat- 
tered over  the  body,  such  as  have  been  described  for  Echinaster  caJr 
losus  by  V.  Marenzeller  and  E.  sagenus  by  Ludwig. 

The  adambulacral  armature  consists  of  3  spines.  Deep  in  furrow 
is  a  short,  slightly  curved,  blunt,  strongly  compressed  spine  of  a 
rather  spatulate  form  but  oriented  with  edge  to  furrow.    The  tip 
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of  this  just  about  reaches  the  base  of  the  second  spine,  which  stands 
on  the  edge  of  the  adambulacral  plates  and  is  stouter,  longer,  com- 
pressed, and  truncate  at  the  tip.  This  series  is  united  by  thick  mem- 
brane, and  forms  a  serrate  border  to  the  furrow,  the  spines  of  one 
fidde  usually  fitting  into  the  intervals  between  the  spines  of  the  oppo- 
site side.  The  spines  of  the  same  series  are  separated  by  a  space 
about  equal  to  their  own  thickness.  Just  back  of  them  is  the  third 
spine,  the  bases  almost  touching,  but  as  the  outer  spine  is  directed 
away  from  the  furrow  it  appears  in  the  undried  and  uncleared  speci- 
men to  be  considerably  spaced  from  the  second.  The  adambulacral 
plates  are  small,  wider  than  long,  and  separated  by  an  interval  about 
one-half  their  own  length. 

This  species  practises  autotomy  as  shown  by  the  comet  forms,  both 
of  which  have  the  buds  of  5  new  rays.  In  one  specimen  two  tiny 
madreporites  are  visible. 

Type-locality. — ^Mauritius. 

Distribution. — ^Red  Sea,  Zanzibar,  Mauritius,  Mergui  Archipelago, 
Madras,  Philippines,  Molucca  Islands,  Timor,  Torres  Strait,  north- 
east Australia,  New  Zealand. 

Specimens  examined. — ^Twenty-fbur : 

Specimens  of  OthiUa  purpurea  ewamined. 


Ste. 
tkm. 

Locality. 

Depth, 
fathoms. 

Nature  of 
bottom. 

Nnm- 
ber. 

No. 

of 

rays. 

No.  of 
madwh 
poritea. 

6100 

96.8  miles  8W.  Corregidor  Lisht,  Lason. . 

Off  Tlnakta  Island,  Tawi  Tawl  Group, 
Sulu  Aioliipela«o. 

do 

do 

:::::fc:::::::::::;::::::::::::::::::::: 

Off  Obserratlon  Island,  TawiTawi  Group. 
do 

10 

ConO. 

\ 
1 

6 

6158 

12 

Coarse    sand, 

shells. 
Coarse  sand... 

do 

do 

Sand 

Green  mud.... 
Coral   ...    . 

5160 

10 

6160 
6160 
6100 

10 

10 

12 

6164 

18 

6166 

9 

6166 

do 

0 

do 

6106 

do 

do 

Off  Anima  Sola  Island,  between  Boiias 

and  Luxon. 
Gulf  of  Painio,  Mindanao. ............. ... 

0 

do 

6166 
6218 

0 

90 

do 

Coarse  sand... 

Coral 

Coral,  sand.... 
Ckiral 

6948 

18 

6940 

do '. 

28 

6968 

do 

Gfttainc^  Bay,  ICasbate 

28 

Seine,  off 

beach. 
do 

do 

2 

Tataan  Pass,  Slmalno  Islands,  Tawi  Tawi 

Group. 
San  Miguel  Harbor,  Ticao  Island  between 

lc2SkteandLanm. 

Shora 

2 

Remarks. — ^Writers  who  have  seen  this  species  and  the  subsequently 
described  O.  eridan^Ua — ^notably  Muller  and  Troschel,  Perrier,  de 
Loriol,  and  Koehler — do  not  say  wherein  the  two  differ.  The  range 
of  eridaneUa  is  coextensive  with  the  eastern  part  of  that  of  purpurea, 
while  both  forms  have  either  5  or  6  rays  and  2  maderporic  bodies. 
The  authors  referred  to  above  have  recorded  the  species  as  follows: 
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0.  eridaneUa  is  recorded  by  Miiller  and  Troschel  from  New  Ireland 
(1842,  p.  24) ;  by  Perrier  (1876,  p.  106)  from  New  Caledonia;  by  de 
Loriol  (1893,  p.  391)  from  Amboina  (alsobyDoderlein,1896,p.322) ; 
by  Koehler  (1910a,  p.  174),  who  compared  his  specimens  with  the 
types,  from  Ganjam,  India.  O  purjmrea  is  recorded  by  Miiller  and 
Troschel  (as  E.  faOaa)  from  "  India  and  the  Eed  Sea  "  (1842,  p.  24) ; 
by  Perrier  from  the  Philippines  and  the  Eed  Sea  (1876,  p.  106) ;  by 
de  Loriol  from  Mauritius  (1885,  p.  10) ;  by  Koehler  from  the  Aru 
Islands  (19106,  p.  288). 

I  suspect  that  the  two  names  refer  to  one  Tariable  species.  Even 
if  the  specimens  in  the  eastern  part  of  the  range  differ  sufSiciently 
from  those  of  Mauritius  and  westward,  the  former  are  not  likely  to  be 
separable  from  Gray's  previously  described  OthUia  hizonica  (1840, 
p.  282).  De  Loriol,  an  astute  systematist,  compared  specimens  of 
piMrpurea  from  Mauritius  with  six-rayed  examples  from  the  Philip- 
pines without  finding  any  important  differences.  What  differences 
do  exist  between  eridaneUa  and  purpwea'i 

O.  purpv/rea  has  been  listed  by  Farquhar  ^  (1898,  p.  815)  from  New 
Zealand,  and  by  R.  N.  Budmose  Brown  (1910,  p.  85)  from  the  Mergui 
Archipelago. 

Through  the  kindness  of  Dr.  H.  L.  Clark,  I  have  seen  several 
specimens,  both  five-  and  six-rayed,  collected  by  him  in  Torres  Strait, 
at  Thursday  Island,  and  Emb  (Murray  Islands). 

GenvB  HENRIdA  Gray. 

HenHoia  Gray,  1840,  p.  184.    Type  H.  ooulata  Gray  [Aateriaa  sanguH/n^ 
lenia  O.  F.  MiUler]. 

With  few  exceptions  the  species  of  this  genus  are  very  variable  and 
consequently  difficult  to  identify  accurately,  even  with  specimens  for 
comparison.  Identifications  based  upon  descriptions  and  figures  are 
less  reliable. 

Although  the  three  forms  listed  below  have  been  given  full  specific 
rank,  and  are  apparently  very  different,  experience  with  Henricia  in 
the  North  Pacific  has  taught  me  to  go  carefully,  because  wide  dif- 
ference in  appearance  is  not  a  barrier  to  intergradation.  However, 
in  this  case  there  is  no  alternative,  because  material  is  scanty.  It  will 
not  be  surprising  if  Hermcia  arcystata  is  a  Philippine  race  of  the 
Andaman  H,  mutans.  As  for  H.  denaispma^  the  identification  can 
only  be  made  certain  by  a  comparison  with  specimens  from  the  type- 
locality.  The  type  is  certainly  an  immature  form.  I  have  no  sug- 
gestions to  offer  as  to  the  relationship  of  H.  micraplax.  Its  resem- 
blance aborally  to  H.  sangvinoleuta  is  very  superficial.  I  do  not 
think  its  relations  lie  in  that  direction. 

^  On  the  Bcblnoderm  Fauna  of  Nciw  Zealand.  Proc.  Linn.  Soc.  New  South  Wales,  1808, 
pt  8.  Aug.  81. 
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The  student  will  jGind  the  figures  a  more  reliable  means  of  identi- 
fication than  the  descriptions,  whicli  are  susceptible  of  being  mis- 
understood, or  of  being  stretched  to  cover  variations  which  they  are 
not  meant  to  include. 

HENHICU  DENSISPINA  (SUden). 

Plate  118,  figs.  2,  3 ;  plate  119,  figs.  1-S. 
Cribrella  densiapina  Sladen,  1879,  p.  482,  pi.  8,  figs.  5-9. 

Diagnosis. — ^Rays  5,  slender,  either  subcylindrical  or  depressed,  tap- 
ering, rather  long,  but  varying  according  to  size;  abactinal  papular 
areas  about  same  size,  or  larger  than  plates,  sometimes  including  a 
secondary  plate  or  two  within  the  mesh;  papulae  usually  1  to  3; 
spinelets  numerous,  very  delicate,  ending  in  a  sharp  point  or  points; 
3  regular  series  of  plates  adjacent  to  adambulacral  plQ,tes,  the  median 
the  larger;  adambulacral  plates  with  2  or  3  compressed  spinelets  in 
vertical  series  in  furrow  and  upward  of  25  on  surface.  R=58 
nmi.,  r=7  mm.,  R=7.5  r ;  breadth  of  ray  at  base,  7  mm. 

Description. — ^The  meshes  of  the  abactinal  skeleton  are  smaller 
than  in  H.  arcystaia^  with  usually  1  to  3  papulae.  Most  of  the 
meshes  have  no  secondary  plates  and  where  these  are  present  there 
are  only  1  or  2.  Although  the  trabeculae  are  narrow,  as  in  arcystcUa^ 
the  spinelets  are  more  numerous  and  fully  twice  as  long,  ending  in 
several  exceedingly  delicate  points.  The  abactinal  surface  has  much 
the  appearance  of  that  of  the  less  extreme  specimens  of  Henrieia 
leviuscula  multispina  Fisher,  while  aa^cystata  would  correspond  to 
H.  I.  annectens^  but  with  slenderer,  generally  smaller  spinelets. 

Parallel  to  the  adambulacral  series  are  3  regular  rows  of  plates, 
the  inner  extending  two-thirds  to  three-fourths  the  length  of  the 
ray,  the  other  2,  the  marginals,  reaching  to  the  tip.  The  actinal  in- 
termediate and  superomarginal  plates  are  subequal,  oblong  to  sub- 
circular,  with  30-36  spinelets.  The  inferomarginals  are  larger,  sub- 
triangular  (the  base  distad  and  slightly  excavated  or  concave)  and 
correspond  to  the  superomarginals  in  position  and  generally  also  to 
the  intermediate  plates,  so  that  the  three  form  a  transverse  series.  A 
series  of  single  papulae  ocur  intermarginally  and  inframarginally. 
Sometimes  the  inferomarginals  have  more  the  T  shape  of  those  of 
arcystata^  but  in  that  case  the  spinelets  are  more  numerous  and 
longer. 

Adambulacral  plates  with  2  or  3  small  compressed  spinelets  form- 
ing a  vertical  series  on  the  furrow  face.  Subambulacral  spines  10 
to  25  on  proximal  third  of  ray.  An  angular  group  of  6  to  8  con- 
forms to  the  angular  furrow  margin  of  the  plate,  of  which  5  usually 
stand  on  the  projecting  margin  while  the  other  spines  rapidly  dimin- 
ish in  length,  the  outer  half  of  the  plate  being  occupied  by  15  to  20 
small  spinelets,  which  grade  into  those  of  the  actinal  intermediate 
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plates.  The  longest  spines  next  to  furrow  are  equal  to  1.5  adam- 
bulacral  plates  in  length,  and  are  shorter  than  in  wrcystaia.  The 
spines  are  webbed  together  by  their  bases,  as  also  are  those  of  the 
abactinal  and  marginal  plates  (but  less  conspicuously).  In  this 
form  the  adambulacral  spines  are  very  much  more  numerous  than  in 
arcyatata^  while  the  spines  along  the  furrow  margin  are  slightly 
shorter. 

Madreporic  body  situated  at  about  the  middle  of  r,  variable  in 
size,  usually  rather  small,  with  few  ridges  which  are  closely  covered 
with  spinelets. 

Type-loccMty. — Straits  of  Korea  (Sladen). 

Distribution. — Straits  of  Korea ;  central  part  of  Philippine  Archi- 
pelago, 169  to  423  fathoms. 

Specimens  examined. — ^Eleven,  from  the  following  stations : 

5510,  Iligan  Bay,  north  coast  of  Mindanao,  423  fathoms,  gray  mud, 
fine  sand,  bottom  temperature  63®  F. ;  1  specimen. 

5517,  10.5  miles  northeast  Point  Tagolo  Light,  Mindanao,  169 
fathoms,  bottom  temperature  54.8®  F. ;  1  specimen. 

5519,  near  5517,  182  fathoms,  globigerina,  sand,  bottom  temper- 
ature 54.8®  F. ;  5  specimens. 

5528,  6.7  miles  northeast  Point  Tagolo,  depth  and  bottom  unre- 
corded; 2  specimens. 

5524,  17  miles  northeast  Point  Tagolo,  860  fathoms,  sand,  bottom 
temperature  52.8®  F. ;  1  specimen. 

5586,  between  Negros  and  Siquijor,  279  fathoms,  green  mud,  bot- 
tom temperature  68.5®  F.;  1  specimen. 

Kemarks. — From  station  5623  is  a  small  specimen  having  R,  23 
mm.,  and  r,  5  mm.,  hence  almost  exactly  the  size  of  the  type  of 
densispinaj  which,  of  course,  is  a  young  specimen.  As  a  conse- 
quence the  abactinal  skeleton  is  much  less  open  than  in  the  specimens 
described  above,  and  the  spinelets  are  fewer.  On  the  furrow  face 
of  the  proximal  adambulacrals  are  two  spinelets. 


HENRICIA  MICBOPLAX  ] 

Plate  120,  figs.  8,  5 ;  plate  121,  fig.  2 ;  plate  182,  fig.  8. 

Henrioia  microplaa  Fzshbb,  1917&,  p.  91. 

Diagnosis. — ^Rays  5.  E=45  mm.,  r=7  mm.,  R=6.4  r;  breadth  of 
ray  at  base,  8  mm.  Rays  slender,  depressed,  slightly  swollen  at 
base;  disk  small  with  an  interradial  sulcus  near  margin.  General 
appearance  of  abactinal  surface  similar  to  that  of  H.  sanguinolenta; 
superomarginal  plates  forming  an  inconspicuous  series;  inferomar- 
ginals  in  a  regular  conspicuous  series;  several  series  of  actinal  in- 
termediate plates  at  base  of  ray;  adambulacral  spines  about  15,  be- 
sides 8  or  4  on  the  furrow  face  of  plate. 

13434^Bull.  100—19 ^29 
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Description. — ^The  abactinal  plates  are  much  smaller  and  closer 
together  than  in  densispinOj  the  papular  areas  are  smaller  and  have 
but  one  papula,  and  there  are  fewer,  shorter,  and  slightly  stouter 
spinelets,  about  10  to  15  to  each  separate  group  and  arranged  in  2 
or  3  series.  These  plates  are  frequently  crescent-shaped  and 
sometimes  two  groups  will  be  merged  into  one,  partly  surrounding 
a  papular  area.  In  denmpina  there  are  actually  much  fewer  plates, 
which  are  larger  and  have  a  variable  number  of  crowded  spinelets — 
usually  26  to  50. 

Along  the  lateral  face  of  the  ray  is  a  rather  indistinct  line  of  su- 
peromarginal  plates,  which  are  about  twice  as  large  as  the  adjacent 
intermarginal  plates,  2  to  3  rows  of  which  form  a  triangular 
area  prolonged  in  a  single  series  half  the  length  of  ray,  beyond 
which  point  the  superomarginals  are  adjacent  to  the  inferomar- 
ginals.  The  latter  are  broader  than  long,  perfectly  distinct,  2  or 
3  times  larger  than  the  superomarginals,  and  are  separated  from 
the  adambulacrals  for  three-fourths  the  length  of  ray  by  a  series  of 
actinal  intermediate  plates;  a  second  series  extends  nearly  half  the 
length,  a  third  about  one-sixth,  while  4  or  5  plates  of  a  fourth 
series  are  present  dose  to  the  interradial  line. 

On  the  furrow  face  of  the  adambulacral  plates  is  a  vertical  series,  or 
sometimes  a  group  of  3,  occasionally  4,  small  spinelets.  As  a  rule  only 
the  uppermost  is  visible  when  the  furrow  is  closed  naturally.  Sub- 
ambulacral  spines  about  15  or  16  on  proximal  half  of  ray.  Three 
form  a  triangular  group  on  the  margin  and  are  spatulate,  sometimes 
grooved  at  the  end  and  much  larger  than  the  others.  There  are 
usually  2  smaller  spinelets  behind  these,  while  the  remainder  form  2 
or  3  irregular  series  and  are  granulif  orm  in  appearance. 

Madreporic  body  situated  at  about  middle  of  r  fairly  large,  but 
inconspicuous  on  account  of  the  ridges  being  covered  with  spinelets; 
striae  radiating. 

Type.— CvLt  No.  37006,  U.S.N.M. 

Type-locality. — Station  5518,  Mindanao  Sea,  off  Point  Tagolo, 
Mindanao,  200  fathoms,  gray  mud,  globigerina,  bottom  temperature 
54*^  F. ;  1  specimen. 

Remarks. — ^This  species  was  taken  in  the  general  locality  at  which 
H.  densispina  was  collected.  There  is  no  way  to  decide  whether  it 
is  a  variety  of  densispina^  or  a  distinct  form,  on  account  of  lack  of 
material.  The  differences  in  the  spines  and  abactinal  plates  have 
already  been  pointed  out.  In  densispina  the  superomarginals  are 
much  more  conspicuous,  and  are  in  contact  with  the  inf  eromarginals 
for  the  length  of  the  ray,  there  being  only  a  few  intermarginals  on 
the  disk.  There  is  but  1  series  of  actinal  intermediate  plates,  while 
in  microplax  there  are  several  at  the  base  of  ray.  This  causes  the 
inferomarginals  to  be  bent  outward  so  that  they  reach  the  interradial 
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line  at  the  ambitus.  The  general  facies  of  the  two  forms  is  diflPerent. 
Both,  however,  have  3  small  spinelets  in  the  furrow,  and  numerous 
subambulacral  spines.  In  densispina  the  latter  are  more  numerous, 
however,  and  the  furrow  margin  forms  a  more  prominent  angle. 

This  species  differs  from  H.  praestcms  (Sladen)  in  lacking  the 
large  primary  meshes  of  the  abactinal  skeleton  (which  resemble  those 
of  H.  mufans)  and  in  having  more  than  1  spinelet  on  the  furrow  face 
of  the  adambulacral.  Superficially  at  least  there  is  considerable 
similarity  between  the  actinal  surfaces  of  the  2  forms. 


HENBICU  ARCTSTATA 

Plate  118,  figs.  4,  5;  plate  119,  fig.  4;  plate  120,  fig.  2;  plate  132,  fig.  4. 
Henrioia  aroystata  Fishsb,  1917&,  p.  91. 

Diagnosis. — Similar  in  general  appearance  to  H.  mutans  (Koeh- 
ler),  but  with  shorter  rays,  2  or  3  spinelets  on  the  furrow  face  of 
the  adambulacral  plates  (instead  of  apparently  1),  and  with  a  dis- 
tinct series  of  T-shaped  inferomarginals  and  crescentic  superomar- 
ginals.  R  =  72  mm.,  r  =  10  mm.,  R  =  7.2  r;  breadth  of  ray  at  base, 
9  to  10  mm.  Rays  slender,  depressed,  curved  at  the  end,  tapering 
very  slightly. 

Description. — Rays  slender,  depressed,  and  of  the  general  form 
of  those  of  H.  rrmtcms  (but  shorter) ,  and  the  primary  meshes  of  the 
skeleton  usually  smaller  on  the  disk  and  proximal  fifth  of  ray  as 
in  that  species.  In  a  specimen  from  station  5586  the  meshes  are  as 
large  on  the  disk  as  on  the  rays.  These  large  meshes  are  irregular 
and  contain  1  to  5  or  6  smaller  plates  which  are  not  so  prominent  as 
the  others,  and  form  a  secondary  network  separating  fairly  conspic- 
uous papulae,  of  which  there  are  1  to  5  or  6  in  each  primary  area 
on  the  ray.  The  rather  narrow  skeletal  pieces  bear  about  8  or  4 
rows  of  delicate,  sharp,  very  small  spinelets. 

Extending  about  four-fifths  the  length  of  ray  adjacent  to  the 
adambulacral  plates  and  corresponding  to  them  is  a  series  of  inter- 
mediate plates,  the  elevated  spine  bearing  tabulum  being  wider  than 
long  and  covered  with  numerous  sharp,  short  spinelets.  The  inter- 
vals between  the  plates  are  as  wide  as  the  length  of  the  tabulum, 
rather  deep  and  without  papulae.  External  to  these  is  a  fairly  reg- 
ular series  of  three-lobed  or  T-shaped  plates  oriented  with  the  arms 
transverse  to  the  axis  of  ray.  The  vertical  portion  of  the  T  (which 
is  very  short)  is  parallel  to  furrow  and  separates  a  couple  of  papu- 
lae, this  double  series  continuing  to  the  end  of  ray.  Adjacent  to 
these  is  a  series  of  smaller,  mostly  crescentic,  plates,  oriented 
obliquely,  representing  the  superomarginals.  Both  series  of  mar- 
ginals have  numerous  tiny  spinelets  similar  to  those  of  the  abac- 
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tinal  surface.  At  base  of  ray  there  are  1  or  2  extra  short  intermediate 
series  of  plates  and  1  short  intermarginal  series,  sometimes  extending 
a  third  of  the  length  of  ray. 

On  the  furrow  face  of  the  adambulacral  plates,  which  are  slightly 
wider  than  long,  is  a  vertical  series  of  8  or  2  compressed  spinelets. 
On  the  actinal  surface  are  about  8  or  9  prominent  spines  of  which  3 
form,  usually,  a  triangle  on  the  furrow  margin,  2  slightly  shorter 
stand  back  of  them,  and  3  or  4  decidedly  shorter,  but  much  longer 
than  the  actinal  intermediate  spinelets  form  a  group  on  the  outer 
end  of  plate.  The  prominent  spines  are  tapering,  pointed,  and  about 
2  plates  in  length.  The  subambulacral  spines  form  a  bristling  arma- 
ture along  the  borders  of  the  furrow,  notable  by  their  superior  length 
over  all  the  other  spines. 

The  madreporic  body  is  slightly  convex,  small,  and  situated  at 
about  the  middle  of  r.  The  striae  are  few,  transverse,  and  bear  tiny 
spinelets,  usually  in  a  single  series  on  the  top  of  the  ridge. 

Type.—C9it  No.  87067,  U.S.N.M. 

Type-locality. — Station  5586,  between  Negros  and  Siquijor,  279 
fathoms,  green  mud,  bottom  temperature  58.5^  F.;  8  specimens. 

Distribution. — Central  part  of  the  Philippine  group,  279  to  530 
fathoms. 

Specimens  examined. — Four;  besides  the  types,  1  from  station  5219, 
between  Marinduque  and  Luzon,  580  fathoms,  green  mud,  bottom 
temperature  50.8*^  F.  (typical). 

Remarks. — ^This  slender-rayed  form  differs  from  H.  mutans  Koeh- 
ler  in  having  well-defined  marginal  plates,  and  a  vertical  series  of 
usually  3  spinelets  on  the  furrow  face  of  the  adambulacral  plate.  The 
lowest  of  these  8  spinelets  is  close  to  the  end  of  the  ambulacra!  plate. 
I  am  uncertain  whether  m/utans  has  more  than  the  1  furrow  spin^ 
let.  In  the  description,  the  plates  are  said  to  have  "  8  spines  on  the 
inner  edge  directed  into  the  furrow."  The  furrow  spinelets  of 
arcystata  are  in  a  distinct  vertical  series  and  not  on  the  furrow  mar- 
gin as  generally  understood.  In  mutans  the  actinal  plates  are  de- 
scribed and  figured  as  being  arranged  without  order.  H.  mutans 
was  dredged  near  the  Andaman  Islands  in  480  fathoms. 

From  H.  praestans  (Sladen),  arcystata  differs  in  having  the  3 
furrow  spinelets,  slenderer  rays,  less  compactly  placed  actinal  plates 
with  larger  actinal  papular  areas,  and  longer  spines  bordering  the 
furrows.  This  species  was  taken  off  the  Crozet  Islands  in  210 
fathoms,  and  is  a  subantarctic  form. 
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Family  ACANTHASTERIDAE  Fisher,  1911. 

Genns  ACANTHASTER  Gervais. 

Aoanthaster  Gervais  Diet  sci.  nat,   suppl.,  vol.  1,  1841,  p.  470.     Type,  A. 
echinus  (=A.  planoi  Linnaeus.) 

ACANTHASTER  PLANa  (UnnaeiBi). 

Aaterias  planci  Linnaeus,  Syst.  Nat,  ed.  10,  Appendix,  1758,  p.  823.  Qnotes 
Columna,  Phytohasa/noa,  pi.  83,  fig.  A.--yEBBiLL,  1914a,  p.  304;  1914&. 
p.  16. 

Asterias  ecMnites  Ellis  and  Solandeb,  Nat  hist,  zooph.,  1786,  pi.  60  to  62. 

Aoanthaster  echinus  Gebvais,  Diet.  sci.  nat,  suppl.,  vol.  1,  1841,  p.  474. 

AcantJiaster  echirUtes  Lth^EOBN,  Vidensk.  Medd.,  1871,  p.  292. 

Acanth4ister  planci  Vebbill,  1914a,  p.  378. 

The  largest  specimen,  from  Pangasinan  Island,  has:  E=185  mm., 
r=86  m.,  6  madreporic  bodies,  and  16  rays.  The  abactinal  spines  of 
the  disk  are  of  medimn  length  (10  to  15  mm.),  those  of  the  distal 
two- thirds  of  the  ray  being  much  stouter  and  longer  (25  mm.). 
The  spines  have  prominent  pedicels  or  columns  to  which  they  are 
articulated,  and  the  abactinal  pedicellariae  are  long  and  slender. 
There  are  generally  8  furrow  spines  of  conspicuous  size,  with  a 
very  short,  stubby  spinelet  at  either  or  both  ends;  or  in  place  of  the 
adoral  spinelet,  a  short,  obtuse,  slightly  tapered  two-jawed  pedi- 
cellaria.  A  majority  of  the  plates  have  a  prominent  compressed, 
tapered,  two- jawed  pedicellaria,  about  three- fourths  as  long  as  the 
longest  furrow  spine,  situated  on  the  furrow  face  of  the  plate,  near 
the  adoral  edge.  It  is  usually  oriented  so  that  the  jaws  are  dorsal 
and  ventral.  The  subambulacral  and  actinal  intermediate  spines  are 
prominent  and  grooved  on  the  outer  side  of  the  distal  half  or  third. 

In  the  specimen  from  near  Zamboanga,  which  is  smaller  than  the 
last  (R=130  mm.),  the  spines  are  all  longer,  the  abactinal  spines 
of  disk  being  20  to  25  mm.  long  and  those  near  the  end  of  the  ray 
about  35  mm.  There  are  13  rays  and  8  madreporic  bodies.  Furrow 
spines  usually  3,  sometimes  4.  The  prominent  furrow  pedicellaria 
is  usually  present.  The  subambulacral  and  actinal  intermediate 
spines  are  slenderer  and  not  so  prominently  grooved  at  the  tip. 
The  abactinal  pedicellariae  are  long  and  slender  (about  2.5  mm.). 

In  the  specimen  from  Cataingan  Bay  (R=160  mm.)  the  abactinal 
spines  are  still  longer,  being  about  25  to  35  mm.  in  length  on  disk 
and  45  mm.  on  ray;  rays  13;  madreporic  bodies,  4;  furrow  spines 
usually  3,  with  an  adoral,  rather  prominent,  pedicellaria,  and  an- 
other in  the  furrow.  The  subambulacral  and  actinal  intermediate 
spines  are  tapered  and  grooved  for  a  short  distance  at  the  tip. 

A  relatively  small  example  from  Destacado  Island  (R=73  mm.) 
has  long  abactinal  spines,  14  rays,  and  5  madreporic  bodies. 

Type-locality. — ^Goa,  Portugese  India  (Columna's  figure). 
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Distribution. — ^Red  Sea  to  the  Philippine  and  Rynkyu  Islands, 
Molucca  Islands,  Viti,  Fiji,  and  Samoan  Islands. 

Specimens  examined, — Four : 

Pangasinan  Island,  vicinity  of  Jolo,  coral  reef;  1  specimen. 

Little  Santa  Cruz  Island,  vicinity  Zamboanga,  reefs;  1  specimen. 

Cataingan  Bay,  Masbate,  coral  reefs;  1  specimen. 

Lode  Bay,  Destacado  Island,  between  Samar  and  Masbate,  rocks 
and  coral ;  1  specimen. 

ACANTHASTEB  BBEVISPINUS  Fidwr. 

Plate  117 ;  plate  118,  fig.  1 ;  plate  131,  figs.  6,  6flMi. 
AcanthaMer  hrevispinus  Fisher,  1917&,  p.  92. 

Diagnosis. — Resembling  A.  m^iuritiensis  de  Loriol,  but  differing  in 
having  the  abactinal  spines  of  disk  reduced  to  mere  spinelets,  in 
having  smooth  or  nearly  smooth  disk  spines  on  both  surfaces,  and 
in  having  only  2  or  3  furrow  spinelets,  shorter  than  the  length  of 
their  plate  instead  of  decidedly  longer.  Rays  14  to  16.  R=90  mm., 
r=51mm.;  R=1.76  r. 

Description. — ^Abactinal  surface  of  disk  beset  with  numerous, 
slightly  tapered,  skin-covered  spinelets,  2  mm.  or  less  in  length. 
They  frequently  end  in  a  slightly  expanded  three-edged,  pointed 
tip.  Most  of  the  spinelet  is  smooth,  but  a  few  granules  are  found 
around  the  base  of  the  spinelet  proper  and  sometimes  for  a  third  of 
its  length.  On  some  of  the  spinelets  the  granules,  which  are  hidden 
by  membrane  until  dried,  mount  up  one  side  nearly  to  the  expanded 
tip.  The  spines  of  the  rays  are  more  widely  ^aced  and  vary  from 
5  to  10  mm.  in  length.  They  increase  in  size  toward  the  end  of  the 
ray  and  have  a  sparse  fine  granulation  usually  hidden  by  skin.  In 
A.  planci  the  spines  are  articulated  to  an  elevated  tabulum  or  column, 
but  in  this  form  the  column  is  almost  wanting. 

The  abactinal  spines  are  more  numerous  and  much  closer  to- 
gether on  the  disk  than  in  A.  planci^  as  the  abactinal  skeleton  has  a 
closer  mesh.  Granulation  of  abactinal  surface  spaced  and  fine  on 
disk,  increasing  in  coarseness  and  density  toward  the  margin. 
Abactinal  pedicellariae  small,  two-  or  three- jawed,  and  0.5  to  0.75 
mm.  high.  The  jaws  are  thick,  round-tipped,  and  the  whole  pedicel- 
laria  may  be  nearly  as  broad  as  high.  In  A.  planci  the  abactinal 
pedicellariae  are  very  slender,  the  jaws  being  8  to  6  times  longer 
than  the  width. 

Furrow  spinelets  2  or  3,  occasionally  1,  short,  unequal,  tapered, 
the  longest  generally  a  little  shorter  than  its  plate.  When  there 
are  3  the  median  is  the  longest.  In  the  furrow,  abactinad  to  the 
adoral  furrow  spinelet  is  a  prominent  two-jawed  pedicellaria  and 
about  the  same  length  as  an  average  furrow  spine.  Its  jaws  are 
oriented  dorsal  and  ventral.    The  subambulacral  spines  are  about  as 
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long  as  two  plates,  or  a  trifle  less,  slightly  tapered,  bluntly  pointed, 
and  sometimes  faintly  grooved  on  the  outer  side  near  the  tip. 

The  actinal  intermediate  spines  (of  which  the  innermost  series 
extends  nearly  to  end  of  ray)  are  about  two-thirds  the  length  of  the 
subambulacrals  on  the  disk,  and  subequal  on  the  ray.  On  the  disk 
the  intermediate  spines  are  in  about  8  irregular  chevrons,  including 
that  adjacent  to  the  subambulacrals.  Inferomarginal  spines,  17 
or  18 ;  superomarginal  spines  about  7,  the  longer  6  to  9  mm.  in  length. 
Actinal  granulation  rather  coarse,  though  the  skin  magnifies  the  size 
of  the  actinal  granules.  This  granulation  is  found  also  on  the  base 
of  the  spines,  but  not  on  the  shaft. 

Mouth  plates  narrow,  with  usually  5  stout  flattened  spines,  fol- 
lowed by  3  short  spinelets,  just  back  of  which  is  a  prominent 
suboral  spine. 

Madreporic  bodies,  3  to  5. 

Type.— Cat.  No.  37027,  U.S.N.M. 

Type-locality. — Station  6149,  off  Sirun  Island,  Sulu  Archipelago, 
vicinity  of  Siasi,  10  fathoms,  coral,  shells ;  2  specimens. 

Remarks. — ^The  differences  between  this  form  and  A.  mauriiiensis 
and  A.  planci  can  be  best  appreciated  if  put  in  synoptical  form, 

a\  Adambulacral  spines  3  to  5  ordinarily  conspicuously  longer  than  their  own 
plate;  spines  at  least  of  abactlnal  surface  obviously  granulated  usually 
for  nearly  their  whole  length;  abactlnal  pedlcellarlae  with  long,  slender 
Jaws. 
b^,  Abactlnal  spines  long,  adcular,  borne  on  high  columns  or  pedicels  belong- 
ing to  the  cruciform  and  rather  widely  spaced  plates;  spines  of  disk, 
Including  pedicels,   one-third  to  one-fourth  length  of  ray,   measured 
along  side;  actinal  spines  with  a  fine  granulation,  or  with  a  large  part 
of  the  spine  nearly  smooth ;  subambulacral  spine  equal  to  about  3  adam- 
bulacral plates  in  length,  occasionally  3.5 A.  planci, 

&".  Abactlnal  spines  distinctly  short,  those  of  disk  (including  pedicel)  not 
exceeding,  and  usually  not  attaining,  one-sixth  the  length  of  ray,  meas- 
ured along  side ;  actinal  spines  with  a  course  granulation  covering  greater 
part  of  spine,  at  least  on  one  side;  subambulacral  spine  less  than  8 

adambulacral  plates  in  length A,  tnauritienais. 

a\  Adambulacral  spines  2  or  8,  occasionally  1,  not  longer  than  their  plate; 
abactlnal  spines  of  disk  usually  smooth  for  most  of  their  length,  with  a 
three-edged  tip,  and  usually  less  than  one-twelfth  the  length  of  ray  meas- 
ured along  side;  abactlnal  pediceUarlae  with  short,  thick  Jaws;  actinal 
spines  smooth  for  the  greater  part  of  their  length;  subambulacral  spines 
equal  to  2  adambulacral  plates  In  length A.  hrevispinus. 

As  compared  with  plcmei  the  disk  spinelets  of  hrevispinus  are  much 
more  numerous,  owing  to  the  closer  meshed  skeleton,  and  are  insignifi- 
cant in  size. 

A.  ellim  Gray  is  not  well  known.  It  is  described  by  Perrier  as 
having  the  spines  disposed  very  nearly  as  in  planci,  but  completely 
devoid  of  granules.  The  pedicellariae  are  very  short.  The  rays  are 
either  19  or  15,  madreporic  bodies  7,  and  the  adambulacral  furrow 
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spinelets  are  2  or  3,  nearly  equal  and  divergent.  Gray's  original 
diagnosis  (1840,  p.  281>  Echinaater  Ellisii)  states  that  the  type,  which 
is  from  South  America,  has  11  or  12  rays,  IB  madreporic  bodies 
("  dorsal  warts  ") ,  and  large  thick  spines.  In  his  generic  diagnosis 
of  EcJmtaater  (=Acantha8ter^  s.  &)  he  states  that  the  spines  are  very 
long  and  covered  with  granvHar  skin,  and  have  generally  a  second 
articulation  about  one-third  the  length  from  base.  This  would  in- 
dicate that  both  his  E.  eUisii  and  E.  solaria  are  large-spined  species 
with  high  pedicels  or  tabula,  and  granules  on  the  spines. 

Family  SOLASTERIDAE  Perrier,  emended. 

Genus  SOLASTER  Forbes. 

Solaater  Fobbbs,  Mem.  Wernerlan  Nat  Hist.  Soc.,  vol.  8,  1839,  p.  120. 
Type,  Aaterias  endeca  Linnaeus. 

SOLASTEB  TROPICUS  Fbhar. 

Plate  125;  plate  126,  fljs.  2;  plate  ld8»  figs.  2,  2a-l». 
Solaater  tropicus  Fishbh,  1918o,  p.  221. 

Diagnosis. — ^Rays  9  or  10;  R=145  mm.,  r=63  mm.,  E=2.7+r; 
breadth  of  ray  at  base,  about  85  mm.  Disk  large,  rays  fairly  broad 
at  base,  tapering  to  a  pointed  extremity.  Pseudopaxillae  very  small, 
well  spaced,  with  4  to  6  small  spinelets;  inferomarginal  plates  promi- 
nent, with  numerous  spinelets  increasing  very  rapidly  in  size  toward 
the  inner  or  lower  end  of  the  compressed,  transversely  oriented 
tabulum  or  pedicel;  distal  marginals  with  mostly  large  spinelets 
only;  furrow  spines  5  or  6,  rather  long;  subambulacral  spines  5  to 
7,  subequal  in  length  to  furrow  spines  but  heavier;  the  inner  end  of 
the  transverse  comb  is  turned  aborad,  and  the  innermost  spine  is 
shorter  than  the  second ;  superomarginal  paxillae  small,  alternating 
with  the  inferomarginals.  Resembling  somewhat  S.  paxillatvs^  but 
with  more  numerous  furrow  spines,  less  conspicuous  subambulacrals, 
heavier  inferomarginal  spinelets,  less  conspicuous  superomarginals, 
and  fewer  paxillar  spinelets. 

Description. — ^Abactinal  surface  covered  with  very  small  pseudo- 
paxillae about  0.5  to  0.75  mm.  in  diameter  and  spaced  2  to  4  times 
their  width.  On  the  disk  they  bear  5  or  6  and  on  the  ray  about  4 
small  prickly  spinelets,  united  into  a  fascicular  group  by  membrane. 
The  paxillae  are  about  0.5  to  0.6  mm.  in  height  and  are  relatively 
more  widely  spaced  on  the  rays  than  on  disk.  On  the  sides  of  the 
rays  they  are  arranged  in  slightly  oblique  transverse  series.  Papulae 
prominent.  In  each  interradiaus  midway  between  center  and  margin 
there  is  a  streak  or  area  where  the  paxillae  are  sparse.  Abactinal 
plates  delicate,  4-lobed  in  the  small  specimen  but  in  the  type  often 
three-lobed,  or  in  the  form  of  rods.    The  plates  of  the  lateral  por- 
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tions  of  ray  are  united  into  transverse  series  independent  of  each 
other,  or  the  lobes  may  touch,  depending  somewhat  upon  the  amount 
of  inflation  of  the  integument.  In  the  radial  region,  the  plates  are 
frequently  independent,  and  small  as  well  as  medium-sized  plates 
are  present  in  the  large  incomplete  meshes  of  the  skeleton.  These 
growing  plates  are  oval,  elliptical,  or  incipiently  3-lobed. 

In  the  small  specimen  the  inf  eromarginals  define  the  ambitus,  but 
hi  the  type  they  retreat  slightly  onto  the  ventral  surface  in  the  inter- 
brachium.  Inferomarginals  48,  compressed  as  in  S.  paxUlattcs  with 
proximally  a  low  fan-shaped  pedicel,  the  width  of  which  diminishes 
distad.  Proximally,  the  spinif erous  margin  is  about  twice  the  height 
and  bears  about  30  spinelets,  small  at  the  outer  end  and  increasing 
in  length  toward  the  inner,  where  5  or  6  spinelets  are  6  or  8  times 
the  length  of  the  outermost,  sharp,  and  invested  in  pulpy  membrane. 
On  the  outer  part  of  the  ray  the  pedicels  become  narrower  and  the 
larger  spinelets  occupy  the  greater  part  of  the  free  margin,  the  small 
spinelets  becoming  greatly  reduced  in  number,  usually  to  a  few  at 
the  upper  or  outer  end.  As  compared  with  paxiUatus  the  inner  spine- 
lets of  the  inferomarginals  are  decidedly  larger  and  are  more  as  they 
are  in  S.  horealia^  but  the  spinelets  are  more  numerous  and  the  pedicels 
lower.  In  iorealis  the  lateral  spines  are  very  conspicuous  on  the 
distal  marginals. 

Superomarginals  very  small,  with  8  or  10  spinelets,  and  situated 
usually  above  an  interspace  between  2  inferomarginals. 

Actinal  interradial  areas  large,  containing  6  chevrons  of  plates  (4 
in  small  specimen),  bearing  each  5  to  8  pointed  spines,  heavily  in- 
vested in  membrane.  These  fascicles  of  spines  are  well  spaced 
(usually  about  the  length  of  the  spines  apart).  Two  series  of  inter- 
mediate plates  extend  to  the  eighth  inferomarginal  and  a  single 
series  (each  plate  with  usually  only  1  spine)  extends  nearly  to  the 
tip  of  ray. 

Furrow  spines,  5  or  6,  the  median  slightly  the  longest,  all  united 
by  web  for  two-thirds  their  length,  the  membrane  often  forming  a 
spatulate  pad  at  the  tip  of  each  spine.  The  spines  are  tapering, 
pointed,  and  rather  long,  being  IJ  to  IJ  the  length  of  base  line  of 
comb,  and  long  enough  when  erect  to  extend  well  above  surface  of 
plate.  Subambulacral  spines  usually  5  to  7,  tapering,  pointed,  basally 
webbed  and  heavily  invested  in  membrane,  about  equal  in  length  to 
the  furrow  spines,  but  much  heavier.  The  inner  spine  is  shorter 
than  the  other  4  or  5  and  situated  aborad  of  the  transverse  line  made 
by  the  series;  or  2  spines  form  a  longitudinal  series  just  back  of  the 
furrow  series,  and  3  or  4  others  a  transverse  series  across  plate  op- 
posite the  interspace  between  first  2  spines.  The  subambulacrals  are 
joined  by  a  slight  web  to  the  furrow  fan. 
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Marginal  mouth  spines,  11  or  12,  the  inner  3  of  each  plate  pointed, 
long,  the  innermost  as  long  as  the  base  line  of  entire  series;  the  outer 
8  or  9  much  slenderer  and  shorter  and  decreasing  in  length  toward  the 
outer  end  of  margin.  All  are  united  by  membrane.  Suboral  spines 
about  10  (6  in  small  specimen) ,  in  an  irregular  series  parallel  to 
median  suture.  In  the  type  they  are  smaller  than  the  marginal 
spines,  but  in  the  small  specimen  the  inner  1  or  2  are  about  as  long 
as  the  fourth  or  fifth  marginal  spines.  Along  the  median  suture 
margin  is  a  row  of  low  papillae  without  a  calcareous  core. 

Madreporic  body,  4  mm.  in  diameter,  prominent,  surrounded  by 
about  6  pseudopaxillae,  and  situated  its  own  diameter  adcentral  to 
the  middle  of  r. 

Type.— Csit  No.  82647,  U.S.N.M. 

Type-locality. — Station  5654,  Gulf  of  Boni,  Celebes,  805  fathoms; 
bottom  not  recorded,  bottom  temperature  38.3®  F. 

Distribution. — ^Known   only  from  Gulf  of  Boni   and   Molucca 


Specimens  examined. — ^The  type  and  a  specimen  from  station 
6619,  off  Mareh  Island,  Molucca  Passage,  435  fathoms,  fine  gray 
sand  and  mud. 

Remarks. — ^This  species  is  allied  to  S.  paxUhitas  Sladen,  but  proba- 
bly not  very  closely,  'while  it  also  shows  some  resemblance  to  S. 
boreaZis  Fisher,  though  it  is  not  related  to  this  form,  unless  remotely. 
The  following  differences  separate  tropicus  from  paxUlatus:  Li 
tropicus  the  paxillae  have  fewer,  relatively  coarser  spinelets;  mar- 
ginal plates  lower,  with  conspicuously  heavier  spinelets  at  the  inner 
or  lower  end  than  at  the  upper  or  out^r,  and  distal  marginals  occu- 
pied almost  entirely  by  a  relatively  few  large  spinelets  (somewhat  as 
in  8.  borealis) ;  in  S.  paxUlatus  the  inner  marginal  spinelets  are  only 
a  little  larger  than  the  outer,  and  the  armature  of  the  distal  margin- 
als does  not  differ,  materially  from  that  of  the  proximal ;  in  tropicus 
the  superomarginals  are  lower  and  less  conspicuous,  the  furrow 
spines  more  numerous  (6  or  6  instead  of  3  or  4)  and  in  large  speci- 
mens the  subambulacral  spines  are  decidedly  less  prominent  (sub- 
equal  to  furrow  spines).  Tropicus  differs  from  borealis  in  having 
less  prominent  marginal  plates  and  much  more  numerous  and  smaller 
marginal  spines,  distinguishable  superomarginal  plates,  more  numer- 
ous and  longer  furrow  spines  and  more  numerous  and  longer  sub- 
ambulacral spines.  S.  torulatus  Sladen  from  north  of  the  Kermadec 
Islands  has  less  prominent  marginals  actinally  situated,  and  with 
subequal  spinelets ;  the  furrow  spines  are  shorter,  the  subambulacral 
spines  fewer  and  in  a  straight  series;  the  actinal  interradial  areas 
smaller,  and  the  abactinal  paxillar  spinelets  slightly  more  numerous. 
8.  regularis  Sladen  has  larger  and  more  widely  spaced  paxillae, 
more  prominent  marginal  plates,  and  the  subambulacral  spines  form 
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a  straight  series.  S.  suharcuatvs  Sladen  has  fewer  inferomarginal 
spines  (10-12);  fewer  furrow  spines  (3  or  4),  and  fewer  oral  and 
suboral  spines.  The  species  is  said  to  resemble  S.  endeca,  which 
S.  tropicus  does  not. 

Genus  CROSSASTER  Miiller  and  Troschel. 

Crossaster  MthxEB  and  Tboschel,  1840a,  p.  103.  Type,  Aaterins  pappo8a 
Linnaeus. 
The  two  genera,  Solaster  and  Crossaster^  have  been  united  by 
most  recent  writers,*  although  in  practice  it  is  not  very  difficult  to 
recognize  them.  Since  new  species  of  the  Crossciater  type  are  con- 
tinually being  described,  it  is  becoming  more  and  more  desirable  to 
keep  them  separate.  A  good  differential  character  is  the  presence 
in  Crossaster  of  a  complete  membraneous  interbrachial  septum  be- 
tween the  internal  interradial  calcareous  dorsoventral  pillar  and 
the  margin.  The  pillar  arises  from  the  mouth  plates  and  passes 
upward,  its  point  of  union  with  the  abactinal  skeleton  being  usually 
marked  by  a  smooth  spineless  area.  In  Crosaaater  papposua  be- 
tween this  calcified  buttress  and  the  margin  there  is  a  definite 
septum  separating  the  gonads  of  adjacent  rays,  while  in  Solaster  en- 
deca^  S.  horeaZis^  and  S.  abyssorum  the  pillar  is  present,  but  not  the 
membranous  septum;  as  a  result  the  gonads  of  adjacent  rays  are 
not  separated,  and  the  coelom  is  continuous.' 

CROSSASTER  SCOTOPHILUS  (Fisher). 
Plate  124,  fig.  1 ;  plate  133,  figs.  3,  3a. 

Solaster  scotophilus  Fishes,  1913c,  p.  222. 

Duignosis. — Related  to  Crossaster  papposus^  but  differing  in  being 
of  a  much  more  delicate  habit,  with  more  numerous  furrow  and  sub- 
oral  spines,  smaller  paxillae,  smaller  and  more  numerous  marginal 
paxillae,  and  a  much  more  delicate  skeleton.  Rays  9;  R=4:8  mm., 
r=14  mm.,  R=3.4  r;  breadth  of  ray  at  base  10  mm.;  disk  large, 
rays  slender,  flexible,  tapering  to  a  sharp  point;  skeleton  delicate, 
open,  irregular;  paxillae  small,  the  pedicel  about  0.5  mm.  high  and 
the  longest  spinelets  1.25  mm.  long;  marginal  paxillae  24  or  26,  deli- 
cate; furrow  spines  very  delicate,  8  or  9;  subambulacral  spines  7  to  9; 
marginal  mouth  spines,  15. 

Description. — ^Abactinal  skeleton  very  open  with  widely  spaced 
pseudopaxillae  consisting  of  a  low  pedicel  and  ordinarily  15  to  25 
very  slender  and  sharp  glassy  spinelets,  short  about  the  periphery  of 
tabulum  and  increasing  in  length  to  the  center  where  they  are  8  or 

^For  some  of  the  reasons  for  nn]^g  them  see  Flsber,  1911(1,  p.  889.  Professor  Ver- 
lill,  1914a,  p.  259,  recognizes  Oroswuter  and  remarks  that  "  the  dorsal  ossicles  do  not 
form  definite,  oblique,  transverse  rows  on  the  sides  of  the  rays  as  they  do  in  Bolaater," 

'Fisher,  1916a,  p.  5. 
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4  times  the  length  of  the  pedicel.  There  are  2  to  5  or  6  prominent 
papulae  to  each  mesh.  The  primary  plates  have  4  slender  lobes, 
which  are  connected  to  neighboring  plates  by  upward  of  4  or  5  ellip- 
tical overlapping  ossicles,  forming  slender  trabeculae.  The  meshes 
are  not  symmetrical  and  often  several  are  confluent,  especially  on 
outer  part  of  ray. 

Marginal  plates  24  or  25  prominent,  with  compressed  pedicel  bear- 
ing 50  or  more  very  delicate  spines  which  are  decidedly  longer  at  the 
lower  end  of  the  pedicel  than  at  the  upper,  being  1^  to  li  times  the 
width  of  the  pedicel.  The  marginal  spines  are  also  shorter  than  the 
central,  as  in  the  case  of  the  abactinal  plates.  Between  2  marginal 
plates  are  1  to  8  small  abactinal  paxillae.  The  marginals  define  the 
ambitus  on  the  ray,  but  at  the  base  pass  to  the  actinal  surface,  keeping 
close  to  the  adambulacral  plates  in  consequence  of  the  small  size  of 
the  actinal  intermediate  areas. 

Furrow  spines  very  slender,  10  on  the  first  plate,  then  9,  then  8 
or  9,  and  on  the  outer  part  of  the  ray,  6.  The  median  spines  are 
longest  and  about  1^  to  2  times  as  long  as  the  base  line  of  comb, 
while  the  lateralmost  are  commonly  only  one-half  as  long  as  the  base 
line,  the  intermediates  being  graduated  in  length  between  the  two. 
They  are  united  for  about  one-third  their  length  by  membrane.  On 
the  surface  of  the  plate  is  an  oblique,  arcuate,  transverse  comb  of 
7  to  9,  usually  8  or  9,  slender,  basally  webbed  spines,  the  inner  5  or  6 
subequal  and  about  1^  to  1^  the  length  of  the  median  furrow  spines, 
but  slightly  stouter,  the  outer  2  or  3  considerably  and  progressively 
shorter.  The  spines  are  borne  on  an  elongate  slightly  crescentic 
tumidity  of  the  plate,  the  inner  end  of  which  is  at  the  aboral  furrow 
comer  of  the  plate  and  the  outer  near  the  outer  adoral  comer. 
When  the  spines  are  spread  f  anwise  with  the  points  adorad  (instead 
of  being  bent  aborad  and  obliquely  away  from  furrow)  the  base  of 
the  comb  is  nearly  a  semicircle  and  the  special  ridge  has  the  appear- 
ance of  a  low  pedicel  comparable  to  the  marginal  pedicels  but  much 
less  conspicuous. 

Mouth  plates  with  15  slender,  marginal  spines  united  basally  by 
a  web,  and  increasing  in  length  from  the  outer  toward  the  inner  end 
of  the  plate,  the  innermost  spine  being  as  long  as  the  base  line  of 
the  marginal  series.  Suboral  spines  about  13,  in  a  zigzag  series  the 
length  of  plate,  basally  webbed,  and  when  standing  erect  forming  a 
rather  dense  group  on  the  companion  plates,  the  ends  of  the  spines 
rising  well  above  the  marginals  (except  the  innermost  to  which  the 
suborals  are  nearly  equal).  The  spines,  when  separated,  seem  to 
form  8  oblique  transverse  series  from  the  median  suture  aborad 
toward  the  margin. 

Madreporic  body  situated  a  little  nearer  margin  than  middle  of 
r,  and  with  a  large  paxilla  on  the  adcentral  side. 
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Type.— Cht.  No.  82648,  U.S.N.M. 

Type-locality. — Station  5661,  Gulf  of  Boni,  Celebes,  700  fathoms, 
green  mud,  bottom  temperature  38.7®  F. ;  1  specimen. 

Distribution, — ^Biiown  only  from  type-locality. 

Remarks. — ^The  only  species,  besides  Crossaster  papposus^  to  which 
C.  scotophilus  shows  close  resemblance,  are  C.  pemeUlatus  Sladen, 
from  off  Marion  Island,  140  fathoms,  and  G.  japonious  (Fisher)  from 
the  Sea  of  Japan.  O.  japonunis  is  of  the  habit  of  C.  papposus^  hav- 
ing large  penicillate  paxUlae,  and  heavier  spines  generally  than  occur 
in  scotophUus.  From  penicillatus^  scotophilus  differs  in  having  much 
more  numerous  furrow  spines  (4  or  6  in  pemciUatus)  j  more  numer- 
ous marginal  paxillae,  and  smaller  and  more  delicate  abactinal  pax- 
illae. 

Genns  LOPHASTER  VerrilL 

Lophaster  Vebbill,  Amer.  Journ.  Sci.,  ser.  3,  vol.  16,  1878,  p.  214.    Type, 
SokLSter  furoifer  Dttben  and  Koren. 

LOPHASTER  SULUENSIS. 

Plate  123,  fig.  2 ;  plate  124,  fig.  8 ;  plate  132,  figs.  8,  Sa, 
Lophaster  suluensis  Fisheb,  1013e,  p.  219. 

Diagnosis. — Kesembling  L.  fvrcHUger  Fisher  in  general  form  but 
with  much  lower  paxillae,  especially  marginal,  the  pedicels  being 
much  shorter  than  the  spines;  inner  or  lower  inferomarginal  spines 
conspicuously  longer  than  upper;  furrow  spines  6  or  6,  rather  long; 
subambulacral  spines  3  or  4,  heavier  and  longer  than  furrow  spines, 
and  equal  to  about  2  plates  in  length.  Bays  5 ;  B  =  82  mm.,  r  =  16 
mm.,  B  =  5  r ;  breadth  of  ray  at  base,  19  or  20  mm. ;  rays  slender, 
gradually  tapering,  bluntly  pointed ;  abactinal  surface  arched ;  ac- 
tinal  surface  plane. 

Description. — ^Abactinal  plates  strongly  4-lobed,  with  a  low  ped- 
icel, bearing  7  to  10  tapering,  thorny,  pointed  spines,  the  median 
slightly  longer  than  the  peripheral.  The  spines  vary  from  1  to  2 
mm.  in  length,  while  the  pedicel  is  ordinarily  about  one-half  the 
length  of  the  spines,  slightly  wider  than  high  on  the  rays  and  slightly 
higher  than  wide  on  central  portion  of  disk.  Papular  areas  of  apical 
region  with  5  to  7  papulae;  those  of  proximal  part  of  ray  with  8 
or  4  papulae;  those  of  distal  portion  of  ray  with  1  or  2.  Counting 
across  the  base  of  ray  there  are  about  18  longitudinal  series  of  plates, 
rather  irregular  in  the  median  radial  region. 

Marginal  paxillae  comparatively  small,  the  superomarginal  de- 
cidedly smaller  than  the  inferomarginal  and  usually  alternating 
with  them.  The  inferomarginal  paxillae  have  low  pedicels,  about 
as  high  as  broad,  surmounted  by  about  15  to  18  spines  of  which  3  or 
4  on  the  side  toward  furrow  are  about  2.5  mm.  long,  while  the  others 
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decrease  in  size  to  about  0.75  mm.  on  the  dorsal  side  of  the  paxilla. 
The  proximal  superomarginals  have  12  to  15  spines  and  the  pedicel 
is  about  two-thirds  the  height  of  the  inferomarginal  pedicels,  while 
the  tuft  of  spines  is  of  about  half  the  bulk  of  the  inferomarginal 
spines.  Actinal  interradial  areas  small,  the  plates  bearing  3  or  4 
spinelets  and  extending  in  a  single  series  about  two-thirds  the 
length  of  ray. 

Furrow  spines  6  or  6,  usually  6,  slender,  tapering,  webbed  for  two- 
thirds  their  length,  the  4  median  the  longest,  and  about  1^  times  the 
length  of  base  line  of  comb.  Consecutive  combs  are  separated  by  an 
interval  equal  to  one-half  to  the  entire  length  of  the  base  line  comb. 
Subambulacral  spines  3  or  4,  tapering,  pointed,  the  outermost  com- 
monly the  longest,  or  the  2  or  3  outermost  subequal  and  about  twice 
as  long  as  the  median  furrow  spines,  as  well  as  much  stouter,  the  end 
of  the  spines  being  sometimes  a  trifle  swollen.  They  are  united  by 
web  at  the  base  only. 

Marginal  mouth  spines  12  or  13,  webbed,  and  increasing  in  length 
toward  the  innermost.  Suboral  spines,  2  to  4  on  the  median  suture 
margin  near  outer  end  of  plate. 

Madreporic  body  prominent,  situated  at  about  the  middle  of  r. 

Typ^.— Cat.  No.  32646,  U.S.N.M. 

Type-locdUty. — Station  5428,  Sulu  Sea,  off  Cagayan  Island,  608 
fathoms,  gray  mud,  coral  sand;  bottom  temperature  49.8°  F.;  1 
specimen. 

Remarks. — This  species  is  characterized,  so  far  as  the  single  speci- 
men allows  one  to  judge,  by  the  very  low  pedicels  and  relatively 
long  spines.  The  marginal  paxillae  are  small,  but  the  subambulacral 
spines  are  unusually  large.  Z.  suluensis  differs  from  Z.  furcifer  in 
having  longer,  slenderer  rays,  longer  paxillar  spines,  and  relatively 
shorter  pedicels,  longer  and  unequal  marginal  paxillar  spines,  more 
numerous  furrow  spines,  and  very  much  longer  subambulacral  spines, 
the  latter  being  longer  than  the  marginal  paxillae  with  their  spines. 
The  mouth  plates  of  Z.  suluensia  are  larger,  with  more  numerous  and 
longer  marginal  spines  (12  or  13).  Z.  snlicensis  differs  from  L 
stellcms  Sladen,  and  Z.  abhreviatv^  Koehler  (Antarctic  species)  in 
having  a  much  less  robust  form,  longer  rays,  more  numerous  furrow 
spines  (4  short  ones  in  steUans  and  3  rather  long  ones  in  dbbreviatus) 
and  much  more  prominent  subambulacral  spines  (longer,  not  shorter, 
than  marginal  paxillae  with  their  spines).  Z.  suluensis  resembles, 
in  general  form,  more  nearly  2  Antarctic  species:  Z.  antarcticus 
Koehler  and  Z.  gcdni  Koehler,  but  differs  in  having  5  or  6  instead  of 
4  furrow  spines,  and  12  or  13  instead  of  7  or  8  marginal  mouth 
spines.  Z.  antarcticus  has  20  to  40  paxillar  spines  and  much  less 
prominent  subambulacral  spines  when  compared  either  with  the 
fairly  long  furrow  spines  or  the  more  prominent  inferomarginal 
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paxillae.  Z.  ffoini  has  more  prominent  paxillar  pedicels,  less  thorny 
paxillar  spines,  more  prominent  inferomarginal  paxillae,  and  the 
actinal  intermediate  paxillae  are  reduced  to  about  4  in  each  inter- 
radial  area.  In  Z.  sulicensis  they  extend  at  least  two-thirds  the  length 
of  the  ray. 

Genus  XENORIAS  Fisher. 

Xenoriaa  (subgenus)  Fisher,  1913o,  p.  222.    Type,  Rhipidaster  {Xenoriaa) 
polyctenius  Fisher. 

Diagnosis. — ^Differing  from  Rhipidaster  Sladen  in  the  position  of 
the  marginal  plates  which  are  oblique,  but  instead  of  being  parallel 
with  one  another  are  inclined  at  an  angle  of  45^  and  touch  by  the 
intermarginal  ends,  forming  a  series  of  chevrons  along  the  side  of 
ray.  Abactinal  plates  and  adambulacral  plates  essentially  as  in 
Rhipidaster. 

XENORIAS  POLYCTENIUS  (FUhcr). 
Plate  120,  fig.  1 ;  plate  123,  fig.  1 ;  plate  133,  figs.  1,  la-&. 
Rhipidaster  {Xenorias)  polyctenius  Fishes,  1913c,  p.  222. 

Diagnosis. — ^Eays  7;  R=60  mm.,  r=14  mm.,  R=3.5+r;  breadth  of 
ray  at  base,  12  mm. ;  rays  slightly  convex,  tapering  evenly  to  bluntly 
pointed  extremity.  Differing  from  Rhipidaster  vannipes  in  having 
very  much  shorter  abactinal  spinelets  invested  in  a  common  sheath ; 
curiously  compressed,  obliquely  oriented,  lateral  superomarginal 
and  inferomarginal  plates  (with  intermarginal  ends  adorad)  bear- 
ing a  transverse  comb  6f  webbed  spines,  those  at  the  aboral  end  of 
each  plate  much  larger  than  the  others;  furrow  spines  9  or  10;  sub- 
ambulacral  comb  of  4;  abactinal  integument  pulpy,  hiding  the 
skeleton  which  consists  of  3  or  4  lobed  closely  imbricated  plates; 
papulae  1  to  3  to  each  mesh. 

Description. — ^Abactinal  surface  covered  with  rather  uniformly 
distributed  fascicular  tufts  of  small  spinlets  invested  in  a  common 
pulpy  sheath  from  which  the  tips  of  the  spinlets  protrude  a  short 
distance.  These  fascicles  with  their  investment  are  about  1  nmi.  long 
and  0.75  mm.  in  diameter,  and  resemble  tubercular  projections  of  the 
integument.  In  those  which  appear  to  be  nearly  normal  the  in- 
vestment forms  a  collar  surrounding  the  spinelets  which  are  them- 
selves embedded  in  the  central  pulpy  part  of  the  sheath.  These 
fascicles  are  spaced  about  once  their  own  diameter,  or  less,  on  disk 
and  base  of  rays,  and  are  arranged  in  quincunx  on  the  sides  of  the 
rays.  Each  pseudopaxilla  consists  of  a  low  pedicel  or  convex  plate, 
surmounted  by  8  to  12,  or  sometimes  fewer  very  delicate  tapering 
glassy  spinelets  closely  bound  for  their  basal  half  by  tissue,  and 
ending  in  several  very  sharp  glassy  points.  On  the  central  part  of 
disk  and  outer  part  of  ray  many  plates  have  5  or  6  spinelets.    The 
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abactinal  integument  between  the  fascicles  of  spinelets  is  thrown 
into  numerous  irregular  wrinkles. 

On  the  midradial  region  the  abactinal  plates  have  usually  3  trun- 
cate lobes  and  on  the  lateral  region  4,  by  which  they  overlap  strongly, 
the  small  meshes  containing  1,  2,  or  rarely  8,  papulae. 

The  marginal  plates  are  conspicuous,  low,  transverse  ridges 
oriented  obliquely  and  bent  aborad,  so  that  each  pair  of  marginals 
appears  to  form  a  chevron,  the  angle  of  which  is  toward  base  of  ray, 
for  the  reason  that  the  lower  end  of  each  superomarginal  touches  the 
upper  end  of  the  corresponding  inf  eromarginal.  A  long  series  of 
chevrons  thus  occupies  the  side  of  each  ray.  Superomarginals  40. 
The  spine-bearing  crest  has  the  appearance  of  being  bent  aborad  and 
the  upper  end  is  in  the  form  of  a  slight  knob  which  bears  3  promi* 
nent,  tapering,  sharp,  closely  appressed  spines  (the  median  usually  the 
longer),  which,  relative  to  the  width  of  plate,  are  more  prominent 
distally ;  6  to  9  much  slenderer,  shorter  spinelets  continue  this  series 
to  the  lower  end  of  the  plate,  and  at  the  same  time  become  shorter; 
these  spines  are  united  by  a  web. 

The  inf  eromarginal  plates  are  formed  and  armed  just  like  the 
superomarginals,  except  that  the  long  spines  (3  or  4  in  number)  are 
at  the  lower  or  actinal  end  and  are  longer  than  the  corresponding 
superomarginal  spines,  being  slightly  longer  than  the  extreme  width 
of  plate.  Three  to  5  small  spines  continue  this  series  toward  the 
intermarginal  line.  The  large  inferomarginal  spines  are  on  the 
angle  between  the  lateral  and  actinal  faces  of  the  ray,  and  proxi- 
mally  a  fourth  spine  is  added  to  the  actinal  end  of  the  series.  The 
points  of  the  spines  frequently  converge  (the  median  being  longest) 
and  the  group  has  then  the  appearance  of  Sladen's  figure  of  the 
"  actinal  intermediate  "  spines  of  R.  vannipes.  The  inferomarginal 
series  of  X.  polyctenius  evidently  corresponds  to  the  series  of  plates 
described  by  Sladen  as  actinal  intermediates.  When  the  marginals 
are  cleaned  they  are  seen  to  be  imbricated  in  their  own  series,  the 
adoral  end  slightly  overlapping  the  aboral  end  of  the  next  plate 
toward  the  mouth.  The  plates  are  curiously  formed  and  slightly  bent, 
the  outer  end  of  each  suggesting  the  end  of  a  femur  flattened  or  the 
dorsal  end  of  a  rib.  The  intermarginal  end  is  narrower  as  if  the  bone 
had  been  cut  off  at  that  point. 

Actinal  intermediate  plates  about  8  only,  just  back  of  the  mouth 
plates,  and  bearing  a  very  few  spinelets. 

Furrow  spines  9  or  10,  distally  8,  united  by  membrane  for  two- 
thirds  their  length  into  a  prominent  scoop-shaped  fan  very  much  as 
in  R,  vannipes.  The  central  3  or  4  are  longest,  and  are  equal  in  length 
to  about  li  the  base  line  of  the  comb.  On  the  surface  of  the  plate  is 
an  oblique  comb  of  4  stouter,  tapering,  sharp  spines,  the  2  median 
the  longest  and  slightly  longer  than  the  furrow  spines.    The  sub- 
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ambulacral  comb  resembles  the  inferomarginal  comb,  and  the  arma- 
ture of  the  adambulacrals  closely  resembles  that  of  R.  vwrmipea^  except 
that  the  furrow  spines  are  slightly  more  numerous.  The  actinal  sur- 
face of  the  adambulacral  plates  is  short  and  wide,  the  outer  end 
underlying  the  ventral  swollen  end  of  an  inferomarginal,  to  which 
the  adambulacrals  correspond  in  number.  The  surface  midway  be- 
tween the  outer  and  inner  ends  bears  an  oblique  tumidity  for  the 
reception  of  the  subambulacral  comb.  The  inner  end  of  the  plate 
broadens  fan-wise  for  the  reception  of  the  furrow  comb.  The  sutures 
between  consecutive  plates  are  actinally  2^  to  3  times  the  actinal 
length  of  the  plate  at  its  most  constricted  part. 

Mouth  plates  prominent  and  strongly  convex  at  the  outer  end. 
Marginal  spines  15  to  17,  the  3  inner  long,  slender,  pointed,  and 
directed  over  actinostome,  the  remainder  usually  standing  upright 
and  much  shorter  and  slenderer.  They  are  united  for  about  two- 
thirds  their  length  by  a  web  which  is  continuous  between  the  series 
of  companion  plates.  Near  the-  inner  end  of  the  plate  stands  a 
slender,  sharp,  prominent,  suboral  spine  adjacent  to  median  suture 
and  near  its  companion  of  the  other  plate;  8  shorter  spines  stand  on 
the  convexity  near  the  outer  end  of  plate  midway  between  suture 
and  furrow  margins. 

Madreporic  body  medium-sized,  with  3  plates  close  to  margin,  and 
situated  at  about  the  middle  of  r. 

Type.— Cat.  No.  32649,  U.S.N.M. 

Type-locality. — Station  5622,  off  Makyan  Island,  Molucca  Islands, 
275  fathoms,  gray  mud ;  1  specimen. 

Distribution. — ^Eoiown  only  from  the  type-locality, 

Remarha, — Xenorias  is  more  comparable  to  Rhdpidaster  than  to 
any  other  known  genus,  and  the  most  important  difference  has  been 
indicated  in  the  generic  diagnosis.  It  may  be  well  to  mention  other 
differences,  which  are  not  necessarily  generic.  The  abactinal  skele- 
ton of  X.  polyctenius  has  small  meshes,  with  generally  only  1  papula 
to  a  mesh,  wldle  R.  vwnmpea  has  a  wide-meshed,  reticulated  skeleton, 
with  upward  of  5,  6,  or  even  more  papulae  to  a  mesh.  In  the  latter 
the  plates  bear  a  penicillate  tuft  of  4  or  5  prominent,  sharp  spinelets, 
apparently  free  from  thick  membrane,  while  in  polyctenius  the  spine- 
lets  are  very  small  and  are  immersed  in  a  common  sheath. 

The  marginal  plates  of  Xenorias  are  peculiar  in  their  orientation. 
They  are  situated  on  the  side  of  the  ray  and  are  oriented  at  an  angle 
of  about  45®  to  its  long  axis,  in  such  a  way  (pi.  133,  fig.  la)  that  the 
inferomarginal  forms  a  chevron  with  the  superomarginal,  pointing 
toward  base  of  ray.  The  free  end  of  each  plate  is  larger  than  that 
meeting  its  fellow  at  the  intermarginal  line  and  bears  the  largest 
spines. 

13434— Bull.  100—19 30 
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Family  MYXASTERIDAE  Perrier. 

Genus  MYXASTER  Perrier. 

Myxaster  Pkbedeb,  Comptes  RenduB,  yol.  101,  1885,  p.  886.    Type,  M.  Ml 
Perrier. 

MTXASTBR  MEDUSA  (Flaher). 

Plate  184,  flg&  2,  2a-c. 
AHhenaoiiM  medusa  Fishkb,  191So,  p.  224. 

Diagnosis. — ^Rays  9.  B=:225  mm.,  r=62  mm.,  E=4.3  r;  breadth 
of  ray  at  base,  25  mm.  Bays  very  flexible,  slightly  swollen  at  base, 
tapering,  elevated,  and  somewhat  trigonal  in  section;  integument 
yielding,  the  plates  very  thin,  and  the  skin  soft  and  slimy ;  spinelets 
about  6  to  a  fascicle,  the  fascicles  membrane  invested  and  close-set; 
adambulacral  spines  webbed,  9  or  10,  the  outermost  belonging  to  the 
next,  adoral,  plate;  mouth  spines,  18  or  14,  webbed.  Differing  fnmi 
Myxaster  sol  in  having  more  numerous  and  longer  mouth  spines,  a 
thicker  skin,  and  2  instead  of  8  spines  on  the  apophysis  of  each  adam- 
bulacral plate. 

Description. — ^Abactinal  plates  very  thin,  imbricated,  each  bearing 
a  fascicle  of  extremely  delicate  spines,  usually  about  6,  although 
sometimes  slightly  more  nimierous,  and  resembling  fine  glassy  hairs. 
The  abactinal  surface  is  covered  with  soft  membrane,  which  forms  an 
investment  to  the  spines.  The  fascicles  are  6  to  8  mm.  long  and 
spaced  2  or  8  mm.  apart.  The  form  of  the  plates  is  variable;  some 
are  four-lobed,  others  hourglass  shaped.  The  figures  will  give  a 
better  idea  of  the  form.  Owing  to  the  softness  of  the  integument  and 
the  overlying  slime  I  have  not  been  able  to  discover  any  papulae  on 
the  outside,  but  an  examination  of  the  coelomic  surface  of  a  portion 
of  the  dorsal  body  wall  shows  single  papulae  in  the  interspaces  be- 
tween the  lobes  of  the  plates. 

Adambulacral  armature  similar  to  that  of  Asthenactis  papyracew 
(but  lacking,  of  course,  the  actinolateral  membrane).  Each  curved 
oblique  comb  consists  of  9  or  10  very  delicate  spines,  webbed  to  their 
tips  and  increasing  in  length  from  the  inner  to  the  outermost, 
the  last  spine  standing  on  an  extension  of  the  next  adorally  situated 
plate.  The  innermost  spine  is  one-fourth  to  one-third  tiie  length 
of  the  outermost,  and  the  latter  is  joined  to  the  side  of  the  ray 
by  a  flange-like  extension  of  the  web,  about  as  broad  at  base  as  on^ 
third  the  length  of  outer  spine.  This  flange  of  tissue  narrows  rapidly 
in  width  up  to  the  tip  of  the  spine,  and  near  the  outer  edge  envelops 
a  tiny  fascicle  of  2  or  3  setalike  spinelets  of  a  lateral  plate.  These 
are  hidden  by  the  membrane. 

Mouth  plates  large,  with  a  straight  median  suture,  the  form  and 
armature  being  shown  by  the  figure.    The  marginal  spines  form 
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an  angular  series,  the  first  to  sixth  or  seventh  being  on  the  ac- 
tinostomial  margin,  the  seventh  or  eighth  on  the  angle  of  the  plate 
at  mouth  of  ambulacral  furrow,  and  sometimes  directed  across 
mouth  of  latter,  while  the  remaining  5  or  6  form  a  fascicle  or 
group  on  the  surface  of  the  plate  adjacent  to  the  very  short  furrow 
margin  and  to  the  first  adambulacral  comb.  All  the  spines  are 
joined  by  membrane,  the  innermost  being  nearly  as  long  as  median 
suture;  the  others  decrease  in  length  to  the  spine  at  the  angle  of, 
plate,  which  is  one-half  the  length  of  the  median  suture,  while  the 
longest  of  the  remaining  5  or  6  spines  is  slightly  longer,  the  others 
nearly  as  long. 

Madreporic  body  slightly  convex,  6  mm.  in  diameter,  and  situated 
slightly  adcentral  to  the  middle  of  r.  The  actinostome  is  wide 
(88  mm.)  and  the  tube  feet  large,  with  large  sucking  disks.  Gonads 
large,  in  a  compact  mass  at  base  of  ray.  Apparently  there  are  2 
ducts,  one  opening  near  ambitus  and  another  about  one-third  r  from 
margin,  on  the  interradial  line.  The  eggs  are  large,  1  to  2  nun. 
in  diameter.  A  membranous  interbrachial  septum  is  present.  It 
extends  about  one-third  r  from  margin  toward  center  of  disk,  and 
not  so  far  as  the  inward  extension  of  the  gonads. 

Type.— C2Lt.  No.  82650,  U.S.N.M. 

Type'loc(dUy.S\At\on  6605,  Gulf  of  Tomini,  Celebes  (lat.  0°  21' 
82"  N.;  long.  121°  84'  10"  E.),  647  fathoms,  bottom  not  recorded. 

Remarks. — In  the  original  description,  I  suggested  that  this  species 
might  really  belong  in  Myxaater^  if  the  type  of  that  genus  should 
be  found  to  possess  the  same  peculiarity  in  respect  to  the  disposi- 
tion of  the  adambulacral  spines.  On  account  of  the  structure  of  the 
adambulacral  plates,  I  placed  raedusa  in  AstJienactiSj  in  which  each 
adambulacral  fan  is  divided  between  2  plates,  the  outer  spines  of 
each  series  standing  on  an  oblique  aboral  extension  or  apophysis  of 
the  next  adorally  situated  plate.  No  mention  of  this  highly  char- 
acteristic arrangement  of  plates  and  spines  was  made  by  Perrier  in 
his  description  of  Mywaster  sol.  In  June,  1914,  I  examined  the 
type  of  this  species  at  the  Museum  d'Historie  Naturelle  of  Paris. 
In  Myxaster  sol  the  adambulacral  plates  are  constructed  essentially 
as  in  M.  medusa^  8  spines,  as  a  rule  standing  on  the  apophysis,  while 
5  or  6  continue  the  series  on  the  body  of  the  next  aboral  plate. 

It  becomes  evident,  therefore,  that  the  structure  of  the  adambu- 
lacral plates  and  the  peculiar  arrangement  of  spines  are  the  same  in 
both  Astheruictis  and  Myxaster^  and  that  the  presence  of  an  actino- 
lateral  membrane  is  the  one  trenchant  character  which  separates 
AsthefnacUs  from  Myxaster. 

Myxaster  medusa  differs  from  M.  sol  in  having  a  much  thicker 
skin,  which  completely  hides  the  underlying  plates;  the  mouth  plates 
are  broader,  with  a  broader  actinostomial  margin  and  a  decided  angle 
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to  the  plate  at  mouth  of  ambulacral  furrow;  the  mouth  spines  are 
13  or  14  instead  of  8,  and  the  outer  spines  form  a  fascicle  on  the  sur- 
face of  the  plate  near  the  margin,  instead  of  a  series,  without  a  web, 
on  the  margin.  The  apophysis  of  the  adambulacral  plate,  in  medusa, 
has  1  long  spine;  in  sol^  3.  There  seems  to  be  a  difference  in  the 
form  of  the  plates  of  the  abactinal  and  lateral  surfaces  of  the  body, 
but  it  is  not  possible  to  determine  how  constant  this  is. 
.  The  family  Myxasteridae  includes  only  3  genera,  Myxaster,  Asthe- 
nactis^  and  PytJumaater.^ 

Family  PTERASTERIDAE  Perrier. 

Genus  PTERASTER  Mtiller  and  TroscheL 

Ptertuter  M^lleb  and  Tboschel,  1842,  p.  128.    Type,  P.  mUitaris  (O.  F. 
MQUer). 

PTERASTER  CORTNETES  FUhcr. 

Plate  127,  figs.  2,  3 ;  plate  128,  fig.  1 ;  plate  138,  figs,  5,  5a. 
Pteraster  corynetes  Fishes,  1916&,  p.  28. 

Diagnosis. — ^Abactinal  surface  resembling  superficially  that  of 
P.  pulvillus;  probably  more  nearly  related  to  P.  seimreticulatus. 
Paxillae  with  low  pedicel  surmounted  by  7  or  8  longer,  radiating, 
peripheral  spinelets  surrounding  a  central  shorter  one;  tips  of  periph- 
eral spinelets  united  by  fibrous  tissue;  spiracula  in  lines  between 
spinelets;  no  deposits  in  supradorsal  membrane;  furrow  fans  with  7 
spines  (distally,  6) ;  actinolateral  spines  stout,  the  tips  defining  am- 
bitus; 5  oral  spines,  the  10  united  by  a  continuous  membrane ;  suboral 
spine  may  be  entirely  lacking;  when  present,  slender,  tapering.  Rays 
5;  R=24  mm.,  r=13  mm.,  R=1.8  r;  breadth  of  ray  of  base,  14  or  15 
mm. ;  thickness  of  disk,  9  mm. 

Description. — Abactinal  surface  resembling  somewhat  that  of  P. 
jmlvUlus  and  also  that  of  P.  serrdreticulatus.  Supradorsal  mem- 
brane very  thin,  so  that  the  7  or  8  widely  radiating  peripheral  spine- 
lets of  each  paxilla  can  be  easily  seen,  a  much  shorter  erect  spinelet 
occupying  the  center  of  each  circle.  The  paxillae,  in  consequence, 
have  a  stellate  appearance,  and  a  peripheral  fibrous  band  connects 
the  tips  of  all  the  spinelets  (except  the  central),  marking  off  the 
abactinal  surface  into  areas,  somewhat  as  in  sernireticulatus^  but 
these  bands  are  not  at  all  conspicuous,  except  on  the  sides  and  outer 
half  of  ray.  Between  any  2  radiating  spines  is  a  linear  series  of  4 
to  7  spiracula,  usually  quite  small.  Pedicel  of  paxillae  short  and 
stout  on  the  rays,  being  about  half  the  length  of  the  peripheral  spine- 
lets, which  are  also  stout,  and  tapered  from  the  truncate,  minutely 
denticulate  lip  toward  the  base.     They  ^  resemble  little  clubs  with 

^  Verrill,  1914a,  p.  204,  has  made  a  special  family  of  Pythonatter,  but  without  diag- 
nosis.   I  do  not  know  in  what  particulars,  therefore,  It  differs  from  the  Myxasteridae. 
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spiny  tips,  whence  "  corynetesy  On  the  largest  paxillae,  at  base  of 
ray,  the  peripheral  spinelets  are  a  trifle  short  of  2  mm.  long,  while 
the  central,  clavate,  truncate  in  form,  is  about  1.5  mm.  long.  There 
are  no  deposits  in  the  supradorsal  membrane.  Osculum  small,  closed, 
the  special  spines  forming  a  low  protuberance. 

Adambulacral  combs  with  7  spines,  the  inner  end  of  each  series, 
comprising  the  first  3  spines,  bent  obliquely  downward  and  aborad. 
The  inner  spinelet  is  very  short,  one-half  to  two-thirds  as  long  as 
the  second;  the  second,  two-thirds  the  length  of  the  third;  the  next 
4  increasing  slightly  in  length,  the  outermost  being  generally  the 
longest,  although  the  difference  in  the  length  of  the  outer  8  is  not 
great.  Membrane  between  the  spines,  which  are  sharp,  slightly 
emarginate.  Aperture  and  papiUa  small,  the  papiUa  broad,  and 
round-tipped.    Distal  combs  with  6  spines. 

Mouth  plates  with  5  marginal  spines,  increasing  rapidly  in  length 
fnHn  the  outer,  which  is  short,  toward  the  innermost,  which  is  half 
again  as  long  as  the  median  suture.  All  10  spines  of  each  mouth  pair 
united  by  a  continuous  membrane.  Three  pairs  of  plates  are  entirely 
without  suboral  spines;  one  pair  has  a  spine  on  1  plate,  while  the 
fifth  mouth  angle  has  a  suboral  spine  on  each  plate.  This  spine  is 
nearly  as  long  as  the  inner  marginal  spine,  and  is  slender,  tapering, 
with  a  sharp  hyaline  tip. 

Actinolateral  membrane  broad,  the  margin  defining  ambitus,  but 
not  forming  a  conspicuous  fringe.  The  tips  of  most  of  the  actino- 
lateral spines  can  be  seen  from  above.  Actinolateral  spines  stout,  the 
tip  slightly  flaring  as  a  rule  and  truncate;  sixth  spine  reaching  mar- 
gin of  membrane.  The  first  5  spines  meet  or  cross  the  tips  of  their 
fellows  of  adjacent  ray  along  the  interradial  line.  Owing  to  propor- 
tions of  r  to  B,  the  actinal  interradial  areas  are  not  very  board,  al- 
though the  entire  actinal  floor  outside  the  adambulacral  fans  is  oc- 
cupied by  the  actinolateral  membrane.  At  the  sixth  actinolateral 
spine,  half  the  distance  from  furrow  margin  to  ambitus  is  occupied 
by  the  adambulacral  fans ;  at  middle  of  ray,  measured  along  side,  a 
little  more  than  half. 

Type.— Cfit.  No.  37014,  U.S.N.M. 

Type-locdlity. — Station  5623,  Molucca  Passage,  7.5  miles  northeast 
Makyan  Island  (lat.  0^  16'  30"  N.;  long.  127^  30'  E.),  272  fathoms, 
fine  sand,  mud ;  1  specimen. 

Distribution. — ^Bjiown  only  from  the  type-locality. 

Remarks. — ^In  my  key  to  the  species  of  Pteraster  (1911(?,  p.  368) 
Pt.  corynetes  belongs  to  the  second  section,  although  the  rays  are 
slightly  longer  than  in  the  other  species.  Among  those  species  having 
all  the  oral  spines  united  by  a  continuous  membrane,  only  5  are 
comparable  with  corynetes^  namely  puVoHlvs^  terrmochiton^  rugatysy 
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seimreticuUUus^  and  ingolfi^  to  none  of  which  it  is  closely  related. 
The  following  sfynopsis  will  contrast  the  characters: 

a\  Adambulacral  combs  with  5  to  7  spines. 
h\  Suboral  spine,  when  present,  slender;  aperture  slits  small;  no  deposits 
In  supradorsal  membrane. 
&,  Paxillae  with  high  pedicel  and  5  to  15  spines;  R=1.3  r;  actinolateral 
membrane  narrow,  not  defining  ambitus;  suboral  spines  always  pres- 
ent  pulvUlus, 

c*.  Paxillae  with  low  pedicel  and  about  8  spines;  R=1.8  r;  actinolateral 
membrane  defining  ambitus ;  suboral  spines  absent  from  some  plates. 

&'.  Suboral  spine  with  3  sharp  edges ;  aperture  silts  unusually  large ;  minute 

branched  rods  In  supradorsal  membrane temnochiton, 

a*.  Adambulacral  combs  with  3  to  5  spines, 
b*.  Adambulacral  spines  usually  8,  sometimes  4,  short,  scarcely  projecting 

beyond  web;  B=1.4H-r rugatus, 

h\  Adambulacral  spines  3  to  5,  usually  4,  projecting  far  beyoi^d  web. 
c  \  R=1.75  T-±2  \  dorsal  membrane  thin,  evidently  reticulated. 

BemAreticuUiPiM. 
c*.  R=1.4  r^^ ;  dorsal  membrane  thick,  not  at  all  reticulate ingolfU 

Three  species  are  said  to  lack  the  suboral  spine  entirely:  per- 
8onatU8^  sordidtiSj  and  reductvs.  It  is  not  possible  to  determine 
whether  the  three  suboral  spines  in  the  single  specimen  of  corj/netes 
are  abnormally  present.  The  species  differs,  however,  from  perso- 
natus  and  sordidus  in  having  more  numerous  adambulacral  spines, 
and  from  reductus  in  having  only  five  oral,  and  fewer  paxiUar  spines. 
P.  8ordidu8  has  a  straight  series  of  adambulacral  spines,  the  inner 
4  of  the  6  oral  spines  are  webbed  independently,  and  the  actino- 
lateral membrane  interradially  extends  beyond  the  true  margin  of 
the  ray.    All  three  forms  are  from  the  east  Atlantic. 


PTEBASTEB  OBESUS  MYONOTUS  ] 

Plate  127,  fig.  1 ;  plate  128,  fig.  3 ;  plate  133,  fig.  4. 

Pteraster  obesus  myanoiiia  Fishkb,  1916&,  p.  28. 

Diagnosis. — Closely  related  to  P.  ohesus  Clark  of  Japan  and  re- 
sembling superficially  P.  pulvUlas  Sars.  f)iflering  from  dbesiLS  in 
being  nearly  pentagonal  in  form;  in  having  a  fairly  tough  supra- 
dorsal membrane  in  which  there  are  well-developed  bands  of  muscle 
forming  a  reticulum  of  hexagons  and  triangles,  and  in  having  fewer 
paxillar  spines.  R=28  nmi.,  r=24  mm.,  E=1.2  r;  height  of  disk  18 
or  19  mm. 

Description. — ^The  general  form  is  nearly  pentagonal,  there  being 
only  slight  interradial  indentations,  and  the  disk  is  thick  and  cush- 
ionlike. Supradorsal  membrane  fairly  thick  and  bristling  uni- 
formly and  thickly  with  the  tips  of  the  paxillar  spines  which  raise 
the  membrane  or  project  about  1.5  to  2  mm.  above  the  general  level. 
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The  apexes  of  these  projections  (there  being  usually  three  spine-tips 
to  each)  are  connected  by  strong  muscle  bands  so  as  to  outline  more 
or  less  regular  hexagonal  spiracular  areas,  in  the  center  of  which  a 
single  spine  (the  central  one  of  a  paxilla)  projects,  and  this  is  con- 
nected by  radiating  muscle  bands,  somewhat  weaker  than  the  others, 
with  the  6  peripheral  projections  outlining  the  area.  Six,  more  or  less 
evident,  triangular  subareas  are  thus  formed.  Each  hexagonal  area 
contains  60  to  60  small  spiracles.  The  spiracular  areas  and  bristling 
spines  extend  to  and  occupy  large  actinal  interradial  areas,  as  the 
actinolateral  fringe  is  narrow.  Osculum  of  conspicuous  size  sur- 
rounded by  a  fringe  or  web  forming  a  truncated  cone  3.5  mm.  high 
and  about  7  in  diameter  at  base;  aperture  slightly  stellate.  Pseudo- 
paxillae  with  tall  pedicels  (4  mm.  on  radial  areas)  and  with  usually 
7  (sometimes  1  or  2  more)  slender,  webbed  spinelets,  subequal  to  or  a 
little  shorter  than  the  pedicels,  which  have  4  short  lobes  at  the  base. 
No  calcareous  bodies  in  supradorsal  membrane. 

Adambulacral  spines  5  (6  on  first  few  plates),  the  innermost  very 
short  and  the  succeeding  spines  increasingly  longer,  all  united  by  a 
web,  which  extends  to  tip  of  spines  but  is  rather  deeply  emarginate 
between.  Aperture  about  a  third  as  long  as  outermost  spine.  The 
latter  is  connected  by  a  web  to  the  actinolateral  membrane,  which  is 
narrow  as  in  obesus  and  of  nearly  uniform  width  except  near  the 
extremity  of  ray,  its  spines  being  subequal  in  length  and  one-third 
to  one-half  again  as  long  as  the  outermost  adambulacral  spine. 
Tube  feet  in  2  series ;  furrow  rather  narrow,  about  two-thirds  width 
of  actinolateral  membrane. 

Mouth  plates  with  the  innermost  of  the  7  or  8  free  oral  spines  flat- 
tened and  truncate,  and  one-fourth  to  one-fifth  as  broad  as  long. 
The  next  is  three-fourths  as  long,  much  slenderer,  slightly  tapered, 
and  flattened.  The  next  8  or  4  are  about  three-fifths  as  long  as  the 
second  and  quite  slender.  Two  similar  spinelets  are  placed  above 
the  outer  2  marginal  spinelets,  really  on  the  edge  of  the  actinal  face 
of  the  plate,  making  a  group  of  4  at  the  mouth  of  the  furrow.  Sub- 
oral  spine  sharp,  much  more  robust  than  inner  oral  spine  and 
one-fifth  longer.    The  distal  half  is  hyaline,  tapering,  three-edged. 

Yowag. — ^A  specimen  from  station  5483  has  been  referred,  not  with- 
out some  hesitation,  to  this  species.  Its  dimensions  are:  B=:18  nun., 
r=9.5  mm.  The  rays  are  more  apparent  than  in  larger  examples, 
and  on  either  side  of  the  tip  of  each  is  a  conspicuous  brown  spot. 
The  supradorsal  membrane  is  tough  and  the  muscle  bands  of  the 
adult  are  well  developed,  though  the  projections  are  much  more 
irregularly  distributed  than  in  the  type  and  the  hexagonal  areas  are 
not  apparent.  The  spiracles  are  less  numerous  but  are  conspicuous, 
the  rim  of  each  being  brown.  The  mouth  plates  have  6  or  7  oral 
spines,  the  innermost  being  relatively  a  little  slenderer  than  in  the 
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adult,  but  the  small  outer  spinelets  are  placed  on  2  slightly  different 
levels  as  described  in  the  type.  Most  of  the  adambulacral  plates 
have  5  spines  joined  by  a  transparent  web.  This  specimen  can  be 
readily  separated  from  P.  obesus  on  the  character  of  the  reticulated, 
fairly  thick,  supradorsal  membrane. 

Type.—C2it.  No.  37016,  U.S.N.M. 

Type-locality. — Station  5518,  Mindanao  Sea,  off  Point  Tagolo,  200 
fathoms,  gray  mud,  globigerina;  bottom  temperature  54°  F.;  1 
specimen. 

Distribution. — ^Mindanao  and  Surigao  Seas,  and  vicinity  Philip- 
pine Islands,  74  to  279  fathoms,  mud. 

Specimens  examined. — In  addition  to  the  type,  7  from  the  follow- 
ing stations : 

Station  5483,  Surigao  Strait,  east  of  Leyte,  74  fathoms,  sand, 
broken  shells ;  1  specimen. 

Station  5523,  6.7  miles  northeast  Point  Tagolo  Light,  Mindanao 
Sea;  1  specimen. 

Station  5536,  between  Negros  and  Siquijor,  279  fathoms,  green 
mud,  bottom  temperature  53.3^  F. 

Remarks. — ^I  have  given  this  form  the  status  of  a  subspecies  be- 
cause it  is  obviously  very  dose  to  obesus  and  is  separated  from  it  by 
what  may  be  termed  minor  characters.  In  other  words  it  seems  to 
be  a  "  small  species."  Pteraster  obesus  is  known  only  from  a  single 
specimen  from  Sagami  Bay,  Japan.  In  my  key  to  the  species  of 
Pteraster  (Asteroidea  of  the  North  Pacific,  pt.  1,  p.  868)  the  present 
race  would  be  placed  next  to  obesi^  under  e*  with  the  following  dif- 
ferential characters: 

/.  No  supradorsal  reticolatlons ;  pazlUar  spines  8  to  10  or  more ;  B=1.4  r. 

0&691M. 

/ '.  WeU  developed  supradorsal  reticulations ;  paxUlar  spines  usuaUy  7  (or  less 
than  10) ;  R=l^  r myonotM. 

The  disposition  of  the  outer,  small,  oral  spinelets  of  myonotusj 
which  appears  to  be  constant,  may  be  a  further  difference. 

The  "  key,"  referred  to  above,  will  show  by  the  position  assigned 
to  myonotus^  the  principal  characters  by  which  the  new  form  differs 
from  others  species  of  Pteraster. 

Genus  RETASTER  Perrier. 

Retaster  Pjebbucb,  Nouv.  Archlv.,  1878,  p.  56.    Type,  Pteraster  capensis  Gray. 

SBTASTBR  IN8I6NI8  Sladm. 

Retaster  insignis  Sladen,  1882,  p.  200;  1889,  p.  482,  pi.  76,  figs.  8  and  4; 
pL  77,  figs.  11  and  12. 

In  the  largest  specimen  from  station  5253  E=74  mm.  and  r 
about  36  or  37  mm.  The  specimen  agrees  fairly  well  with  Sladen's 
description  of  R.  insignis.     There  are  8  or  4  spinelets  to  each 


Digitized  by  VjOOQIC 


STABPISHES  OF  THE  PHILIPFIKE  SEAS.  461 

pseudopaxilla,  the  longest  about  3  times  the  length  of  the  pedicel. 
The  long  spinelets,  which  push  up  the  supradorsal  membrane  and 
form  protuberances,  are  in  groups  of  4  (sometimes  2  or  3,  and  in  a 
few  cases,  near  the  osculum,  5).  Each  spinelet  of  a  group  belongs 
to  a  different  pseudopaxiUa,  so  that  ordinarily  4  pseudopaxillae  con- 
tribute a  spine  to  each  protuberance,  the  center  of  the  rhomboidal 
spiracular  areas  (marked  by  the  center  of  the  cross  mentioned  by 
Sladen)  being  directly  above  a  pedicel.  The  pedicel  which  springs 
from  a  strongly  cruciform  base  is  2  mm.  high,  and  an  average  spine- 
let  6.5  or  7  mm.  long.  In  the  radial  region  of  the  disk  each  of  the  4 
triangular  areas,  into  which  the  rhomboidal  spiracular  areas  are  sub- 
divided, contains  18  to  30  pores  which  in  the  alcoholic  specimen  have 
very  'dark  brown  rims.  The  actinolateral  spines  and  their  web  form 
a  vertical  palisade  about  8  mm.  high  near  the  mouth  plates.  The 
first  few  adambulacral  plates  have  6  spines  to  each  comb,  the  rest  6. 
The  mouth  plates  have  8  or  9  marginal  spines,  webbed  to  the  tip, 
and  the  innermost  is  commonly  slightly  shorter  than  the  second  and 
is  usually  connected,  not  with  its  fellow  of  the  adjacent  plate,  but 
with  the  suboral  spine  of  its  own  plate,  the  web  extending  halfway 
to  tip  of  latter.  This  suboral  spine  stands  back  of  the  2  inner  mar- 
ginal spines  and  is  7  mm.  long.  In  Sladen's  type  of  R.  maignis  the 
suboral  spine  is  not  connected  with  the  marginal.  The  first  adambu- 
lacral combs  of  adjacent  rays  (commonly  with  7  spines)  are  webbed 
together  over  the  outer  end  of  the  prominent  mouth  plates. 

I  have  examined  a  specimen  of  R.  crihrosua  (M.  C.  Z.  No.  968), 
a  species  with  which  irmgnis  has  been  lately  merged.  It  seems  to  me 
that  the  two  are  perfectly  distinct.  In  true  cribrosus  the  cross  men- 
tioned by  Sladen  as  characterizing  the  spiracular  areas  is  absent  and 
the  much  fewer  pores  (about  36)  are  pretty  evenly  distributed — ^not 
segregated  into  triangular  subareas.  At  the  nodal  points  of  the 
meshes  of  the  supradorsal  membrane  2  spines  project,  sometimes  1 
or  3.  There  are  only  3  furrow  spines;  1  (not  3)  stands  on  the  furrow 
margin,  while  the  other  2  form  a  transverse  series  with  the  actino- 
lateral spine. 

Type. — In  British  Museum. 

Type-locality. — ^Arafura  Sea,  25  fathoms. 

Distribution. — Philippine  Islands ;  Amboina;  Banda  Sea;  Arafura 
Sea;  Torres  Straits;  Thursday  Island;  Port  Jackson  and  Port  MoUe, 
Australia;  Samoa. 

Specimens  examined. — ^Four,  from  the  following  stations : 

Station  5144,  vicinity  of  Jolo,  19  fathoms,  coral  sand ;  1  specimen. 

Station  5252,  Gulf  of  Davao,  Mindanao,  1.5  miles  southwest  Linao 
Point,  28  fathoms,  coral ;  1  specimen. 

Station  5253,  same  locality,  depth,  and  bottom;  1  specimen. 

Station  5856,  North  Balabac  Strait,  Palawan,  58  fathoms,  sand, 
shells;  1  specimen. 
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Genufl  DIPLOPTERASTER  VenilL 

Diplopteraster  Vebbill,  Amer.  Journ.  Sd.,  vol.  20,  1880,  p.  400. — ^Fisheb, 
1911,  p.  870.    Type,  Pteraster  tnnltipes  Sara. 

DIPLOPTERASTBB  MULTIPES  PATAGIATUS  FUmt. 

Plate  130,  fig.  2. 
DiplopieroBter  tMdtipes  patagiaius  Fibheb,  1916&,  p.  28. 

Diagnosis, — Closely  resembling  D.  muUipes,  but  differing  in  hav- 
ing narrower  paxillar  areas  (exclusive  of  actinolateral  membrane) 
and  in  having  the  same  number  of  spines  in  both  sorts  of  furroT^ 
combs  (or  if  an  unequal  number,  then  one  more  in  the  nonprominent 
combs  instead  of  one  less,  as  in  multipes) ;  adambulacral  spines 
longer.  B=95  mm. ;  r=60  mm.  (measured  to  edge  of  actinolateral 
membrane) ;  B=1.5  r;  r=50  mm.,  measured  to  edge  of  paxillar  area; 
breadth  of  paxillar  area  at  interradius,  50  to  57  mm.  In  patoffiatus 
breadth  of  paxillar  area  at  interradius=60  per  cent  or  less  of  R ;  in 
multipes  it  equals  80  per  cent,  or  more,  of  R. 

Description. — The  dorsal  surface  closely  resembles  that  of  mid^ 
tipes.  The  pseudopaxillae  have  pedicels  slightly  longer  than  the 
2  central  spines  and  decidedly  longer  than  the  7  to  9  peripheral 
spines.  There  are  usually  about  7  spiracular  areas  radiating  from 
the  prominent  central  spines  of  a  paxilla,  with  6  to  9  spiracles  to 
each  (thus  fewer  than  in  similar  large  examples  of  muUipes;  see 
Fisher  1911(/,  p.  871).  The  actinolateral  membrane  forms  a  fleshy 
border  to  the  entire  ray,  projecting  beyond  the  paxillar  area,  so 
that  in  life  the  contour  of  the  specimen  was  probably  nearly  pen- 
tagonal. Paxillar  areas,  broadly  petaloid,  convex,  sharply  differ- 
entiated from  the  patagial  membrane. 

Adambulacral  spines  slightly  longer  than  in  muUipes.  This  is 
very  apparent  upon  comparison  of  specimens  but  is  a  little  difficult 
to  describe.  In  multipes  the  longest  spine  of  a  comb  equals  the 
length  of  4  adambulacral  plates,  measured  along  the  edge  of  fur- 
row ;  in  patagiaMus  the  longest  spine  equals  5  to  5.75  plates,  in  each 
case  starting  with  the  adoral  margin  of  the  plate  upon  which  the 
spine  has  been  measured,  and  omitting  the  fleshy  flap  of  tissue  at  the 
tip  of  spine.  The  number  of  spines  along  the  ray,  beginning  with 
the  first  plate,  runs  as  follows,  a  star  marking  nonprominent  plates : 
6, 6*,  6, 6*,  6, 6*,  6, 5*,  6, 6*,  5, 6*,  5, 6*,  5, 5*,  etc.  In  the  nonprominent 
combs  the  first  or  inner  2  spines  are  ordinarily  short,  the  innermost 
the  shortest,  while  the  next  4  are  abruptly  longer  and  subequal  or 
increasing  slightly  in  length  toward  the  outermost,  which  equals  as 
stated  above,  5  to  5.75  adambulacral  plates  measured  along  edge  of 
furrow  (rarely  6).    When  there  are  6  spines  to  a  prominent  plate 
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the  innermost  is  usually  abruptly  much  shorter  than  the  other  5, 
which  are  subequal  or  increase  slightly  in  length  toward  the  outer- 
most. The  spines  of  both  kinds  of  combs  are  normally  webbed  be- 
yond their  tips,  each  spine  being  prolonged  by  a  fleshy  saoculus;  but 
in  most  cases  this  is  destroyed. 

Mouth  plates  with  6  or  5  oral  spines,  united  by  a  web  to  the  tips, 
and  the  2  series  united  by  membrane.  Inner  oral  spine  10  mm.  long, 
while  the  length  of  the  straight  suture  between  the  mouth  plates, 
to  outer  beaklike  projection  is  7.5  mm.  Suboral  spine  slenderer 
than  inner  oral  spine  and  8  mm.  long. 

Madreporic  body  large,  convex,  10  nmi.  in  diameter  by  7  mm.  high. 
There  is  a  stout  pedicel  arising  from  the  outer  side  near  the  edge, 
while  in  multipes  the  pedicel  is  at  the  edge.  In  some  species  of 
Retaster  and  Pteraster  this  pazilla  arises  from  the  summit  (see 
Fisher,  1911rf,  p.  370,  footnote). 

Type.— C9,t.  No.  37016,  U.S.N.M. 

Type-locality.— QtdXioji  5656,  Gulf  of  Boni,  Celebes  (lat.  8°  17' 
W  S.;  long.  120°  86'  45"  E.),  484  fathoms,  gray  mud,  bottom  tem- 
perature 41.2°  F. 

Distribution. — ^Known  only  from  type-locality. 

Remarks. — D.  verrucosw  (Sladen)  differs  in  having  15  paxillar 
spines  and  short  adambulacral  spines — ^much  shorter  than  in  mid- 
tipes^  while  in  D.  peregrinator  (Sladen)  the  central  paxillar  spines 
do  not  protrude  beyond  the  rest,  and  the  supradorsal  membrane  is 
not  conspicuously  spiny.  The  former  species  was  dredged  from  the 
Atlantic  entrance  to  the  Strait  of  Magellan,  while  the  latter  was 
taken  off  Cumberland  Bay,  Kerguelen  Island. 

This  race  or  small  species  is  a  long  way  geographically  from  its 
nearest  known  relative.  D.  mvltipes^  differing  in  some  particulars 
from  typical  Atlantic  specimens,  has  been  taken  in  Suruga  Gulf, 
Japan,  475  fathoms,  bottom  temperature  39.1®  F.  (see  Fisher,  1911rf, 
p.  372). 

Genus  HYMENASTER  Wyrille-Thomson. 

H^fmenaster  Wtvuxb-Thomson,  Depths  of  the  Sea,  1873,  p.  120.    Type, 
H.  pelluddus  Thomson. 

HTMENASTEB  RHODOPEPLUS  FIslMr. 

Plate  129;  plate  130,  fig.  1;  plate  183,  fig.  6. 
Hymefnaaier  rhodopeplus  Fishsr,  1916&,  p.  29. 

Diagnosis. — Closely  resembling  H.  nohUis  Sladen  but  differing  in 
havmg  7  instead  of  6  rows  of  paxillae  to  each  ray,  in  having  a  stouter 
and  longer  adambulacral  spine  (much  longer  than  aperture  papilla). 
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and  in  having  2  acicular  suboral  spines  to  each  plate  (instead  of  1 
resembling  an  aperture  papilla).  Marginal  contour  pentagonal; 
E=82  mm.,  r=55  mm.;'  breadth  of  paxillar  area  at  base,  85  nun.; 
distance  from  center  of  disk  to  margin  of  paxLUar  area  on  interradial 
line,  80  to  32  mm. 

Description. — General  appearance  of  abactmal  surface  very  similar 
to  that  of  H.  nobilis,  the  paxillar  areas  being  raised  above  the  level 
of  the  very  fleshy  lateral  membrane,  and  paxiUae  usually  with  3 
spines  oriented  as  in  nobiZis.  But  there  are  7  series  of  paxillae, 
instead  of  6,  to  each  ray,  and  in  proportion  to  the  2  lateral,  or  outer, 
series  of  each  side,  the  radial  and  either  adradial  are  smaller  than  in 
nobilis.  In  rJiodopepltis  the  paxillae  of  the  8  median  series  are 
abruptly  smaller  than  the  marginal  paxillae,  while  in  nobilis  the 
paxillae  are  nearly  uniform  in  size  so  far  as  outward  appearance  is 
concerned;  at  least  there  is  no  sharp  break.  Pedicel  of  superomar- 
gihal  paxillae  near  base  of  ray  8  mm.  long,  spines  7  mm.;  pedicel 
of  radial  paxilla,  1.75  nmi.,  longest  spine  6  mm.,  shortest  8.5  mm. 
The  8  spines  are  usually  unequal  on  the  radial  and  adradial  paxillae, 
sometimes  but  much  less  often  also  on  the  marginal.  Supradorsal 
membrane  rather  thin,  but  thicker  between  the  spines  of  a  paxilla 
than  between  the  paxillae.  Spiracula  in  lines  around  the  paxillae 
but  never  among  the  spines  of  a  paxilla,  these  lines  meandering  and 
joining  to  form  an  irregular  meshwork.  Extending  laterally  upon 
the  interradial  membrane  from  margin  of  paxillar  area  are  about 
15  to  20  linear  spiracular  tracts,  such  as  occur  in  nobilis,  the  longest, 
the  fifth  or  sixth,  at  about  the  middle  of  R,  being  one-half  or  two- 
thirds  the  width  of  the  paxillar  area.  Some  of  these  linear  areas  are 
branched  once.  Oscular  orifice  large,  the  bases  of  the  oscular  valves 
being  raised  above  the  general  level  of  the  paxillar  area.  The  spines 
of  the  valves  are  about  1.5  times  the  length  of  the  outer  spines  of  the 
same  paxilla;  the  membrane  between  the  2  sets  of  spines  with  a 
moderate  number  of  paxillae. 

Adambulacral  armature  consisting  of  a  single  (but  on  first  plate,  2) 
slender  tapering  sharp  spine  (the  t)oint  of  which  is  frequently 
broken),  normally  much  longer  than  the  calcareous  portion  of  the 
aperture  papilla,  and  sometimes  exceeding  twice  its  length.  A  sac- 
culus  is  present,  but  mutilated,  owing  to  injury  of  the  specimens  in 
the  net.  The  aperture  papilla  is  broadly  ovate  to  obovate,  usually 
asymmetrical,  and  relatively  large.  Tube  feet  large,  in  2  rows ;  pur- 
ple, with  a  small  light-brown  sucking  disk. 

Armature  of  mouth  plates  consisting  of  8  or  4  slender,  tapering, 
sharp  marginal  spines,  the  series  directed  across  mouth  of  furrow 
and  spaced  from  the  inner  end  of  plate.  These  spines  are  very 
similar  to  the  adambulacral  spines  and  are  either  subequal  or  the 
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spines  at  either  end  of  the  series  are  the  longest.  Two  stout,  tapering, 
sharp,  suboral  spines,  much  longer  and  stouter  than  the  marginal, 
stand  close  to  the  median  suture,  the  inner  fairly  on  the  actinostomial 
margin;  the  outer  is  slightly  the  longer  and  about  as  long  as  the 
straight  median  suture  of  the  mouth  plates,  or  sometimes  only  three- 
fourths  as  long. 

■  Actinolateral  membrane  fleshy,  thick,  obscuring  the  very  delicate 
actinolateral  spines,  which  increase  in  length  and  nearly  meet  in  the 
interradial  line,  up  to  the  eleventh  or  twelfth  spines,  which  are  the 
longest.  From  here  on  the  tips  of  the  spines  of  adjacent  rays  become 
more  and  more  separated,  although  the  next  10  are  nearly  subequal  in 
length.  Near  the  end  of  the  ray  the  spines  project  slightly  at  the 
edge  of  the  actinolateral  membrane. 

Color  in  alcohol,  bright  pink,  lighter  on  paxillar  areas. 
ry/>ig.— Cat.  No.  37017,  U.S.N.M. 

Type-locality.— StsA,ioji  5606,  Gulf  of  Tomini,  Celebes  (lat  0°  16' 
28"  N. ;  long.  121^  33'  80"  E.),  834  fathoms,  green  mud;  2  specimens. 
Distribution. — ^Ejiown  only  from  the  type-locality. 
Remarks. — ^The  principal  characters  upon  which  this  species  is 
founded  have  been  indicated  in  the  diagnosis.  Although  rJiodopeplus 
bears  a  very  striking  resemblance  to  nohUis^  the  differences  are  very 
important,  especially  in  the  number  of  rows  of  paxillae.  H.  koekleri^ 
from  Bering  Sea,  is  a  close  relative  of  nobilis^  but,  like  the  latter, 
differs  from  rhodopeplvs  in  having  only  6  series  of  paxillae,  which 
are  nearer  equal  in  size  than  in  rhodopeplus. 

This  species  has  a  thick,  fleshy,  actinolateral  membrane  and  very 
weak  spines,  while  in  H.  hartschi  the  membrane  is  relatively  thin 
and  the  spines  much  stouter. 

HTMENASTEB  BARTSCm  Fisher. 

Plate  124,  fig.  2;  plate  133,  flg.  7. 
Eymenasier  ItartscM  Fishes,  1916&,  p.  29. 

Diagnosis. — ^Very  similar  to  H.  puUatus^  but  differing  in  having 
the  paxillar  areas  of  the  5  rays  separated  interradially  nearly  to  the 
oscular  valves  and  in  having  numerous  spiracula  in  the  supradorsal 
membrane,  there  being  a  series  of  bandlike  spiracular  areas  along 
either  side  of  the  paxillar  areas  extending  toward  the  interradial 
line.  General  contour  originally  probably  nearly  pentagonal,  pro- 
duced at  the  corners  into  attenuate  tips.  E=about  70  nmi.  It 
is  not  possible  to  measure  r  accurately,  as  the  lateral  membrane  is 
distorted  and  in  some  cases  torn.  Breadth  of  paxillar  area,  22  to 
26  mm. 

Description. — ^The  five  paxillar  areas  petaloid,  broadly  lanceolate, 
distinct,  separated  one  from  another  to  within  a  short  distance  of 
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the  oscular  valves;  interradial  spaces  broad  near  margin,  narrowing 
at  the  middle  of  r  to  about  3  to  5  mm.,  this  narrow  area  separating 
the  prominent  paxillar  spines  of  adjacent  areas  to  within  5  mm.  of 
the  oscular  valves.  This  narrow  area  is  abundantly  supplied  with 
small  spiracles  to  a  point  a  little  short  of  the  middle  of  R,  where 
begin  a  series  of  irregular,  bandlike,  dark-brown  spiracular  areas 
extending  upon  the  grayish  lateral  membrane  from  the  margin  of 
the  paxillar  area,  these  forming  a  series,  of  which  the  fourth,  fifth, 
and  sixth  from  the  inner  end  are  the  longest  and  extend  nearly  or 
quite  to  the  interradial  line.  They  are  12  to  15  mm.  long,  accord- 
ing to  tension  of  actinolateral  membrane.  The  lateral  membrane 
adjacent  to  the  paxillar  area  is  colored  brown.  Supradorsal  mem- 
brane very  thin  and  transparent  between  the  numerous  conspicuous 
criss-crossing  muscle  bands,  the  interspaces  provided  with  from  1  to  6 
conspicuous  spiracula.  Pseudopaxillae  in  7  rows  along  each  ray. 
The  outermost  row  consists  of  paxillae  of  conspicuous  size,  with 
pedicel  8  mm.  long  and  4  (sometimes  3)  slender  unequal  spinelets^ 
the  longest  8  mm.,  the  shortest  3  mm.  The  next  row  (toward  the 
median  line)  consists  of  very  much  smaller  paxillae,  with  pedicel 
about  0.5  mm.  high,  or  less,  and  about  3  spinelets  (or  less)  2.5  mm. 
high.  These  paxillae  are  in  a  transverse  line  with  the  outermost. 
The  paxillae  of  the  next  row  alternate  with  these  and  with  the 
median  radial.  Both  the  median  and  adradial  are  rudimentary, 
with  1  to  3  sessile  spinelets  from  0.5  to  1.5  mm.  long,  so  that  the 
supradorsal  membrane  rests  upon  the  ambulacral  ridge.  The  paxil- 
lae have  4  long,  slender  lobes,  forming  in  the  delicate  dorsal  integu- 
ment a  calcareous  network  with  irregular  meshes  along  the  lateral 
regions  and  irregular  rhomboidal  meshes  along  the  median  area. 
The  supradorsal  membrane  is  raised  at  numerous  points  by  the 
paxillar  spinelets,  from  which  the  very  definite  branching  muscle- 
bands  radiate.  Osculum, prominent,  the  valves  with  8  or  10  spines; 
about  4  spines. belonging  to  the  same  paxilla  radiate  toward  thf 
end  of  the  ray,  the  membrane  between  their  tips  and  the  base  of  the 
valves  having  numerous  spiracula.  The  width  of  the  real  ray, 
omitting  the  supradorsal  membrane,  is  only  about  10  mm.  at  the 
base. 

Ambulacral  furrows  narrow;  tube  feet  large  in  2  series.  Fur- 
row spinelets  3,  flattened  at  the  base  and  tapering  to  a  point,  the 
adoral  slightly  the  longest  (1.5  to  1.75  mm.).  Each  spinelet  is 
capped  by  a  narrow  sacculus  of  variable  length,  but  usually  short. 
Aperture  papilla  very  broadly  obovate,  about  as  long  as  the  longest 
furrow  spinelet.  The  calcareous  part  is  slightly  shorter  than  the 
longest  spinelet  as  the  papilla  is  bordered  by  a  flange  of  tissue. 

Armature  of  mouth  plates  very  similar  to  that  of  puUcUus;  4  mar- 
ginal spines  (the  innermost  not  always  spaced  from  the  other  3)  and 
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2  suboral  in  a  series  parallel  to  median  suture.  The  inner  suboral 
stands  on  the  margin  of  plate  close  to  the  inner  marginal  spine,  but 
is  much  thicker  than  the  latter,  and  in  turn  is  a  little  less  robust, 
though  longer,  than  the  outer  suboral.  The  mouth  plates  have  all 
been  more  or  less  rubbed  and  injured. 

Actinolateral  membrane  broad,  rather  thin,  deep  brown  in  color. 
Where  this  colored  layer  has  been  rubbed  off  a  gray,  finely  fibrous 
layer  is  revealed.  The  longest  actinolateral  spines  are  the  twelfth 
to  seventeenth  or  eighteenth,  which  are  about  subequal  and  13  or 
14  mm.  long. 

Typig.— Cat.  No.  87018,  TJ.S.N.M. . 

Type-locality. — Station  5428,  Sulu  Sea,  off  eastern  Palawan  (lat.  9® 
13'  N. ;  long.  118°  51'  16"  E.),  1,105  fathoms,  green  mud,  bottom  tem- 
perature 49.7°  F. ;  1  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^The  description  of  H.  jmllatus  ^  does  not  state  the  num- 
ber of  series  of  pseudopaxillae  to  each  ray,  nor  whether  those  of  the 
radial  regions  are  so  reduced  in  size  as  to  be  considered  rudimentary. 
Neither  the  figures  nor  description  indicate  the  presence  of  spiracula 
which  are  so  plentiful  in  hartscM.  The  lateral  areas  of  small  spi- 
racula, marked  by  a  brown  pigment  against  a  grayish  ground,  are 
very  conspicuous  in  the  Philippine  form,  and  probably  not  present 
in  pvMatus.  In  hartschi  the  adambulacral  spines  are  more  attenuate 
at  the  tips  than  in  puUatus^  while  the  aperture  papilla  is  slightly 
broader.  In  proportion  to  the  size  of  the  aperture  papilla  and  the 
base  lines  of  the  furrow  comb,  the  actinolateral  spines  of  hartschi  are 
decidedly  smaller  at  the  base  than  are  those  of  pvllatus. 

Hymenaster  hartschi  seems  to  be  a  representative  species  occupy- 
ing the  deep  basin  of  the  Sulu  Sea.  Whether  it  is  to  be  regarded  as 
a  distinct  species  or  only  as  a  geographic  race  of  H.  pullaius  will 
depend  upon  the  value  assigned  to  the  absence  of  spiracula  in  pul- 
latus.  The  characters  of  the  paxillae  are  very  positive  in  hartschi^ 
and  upon  certain  important  points  information  in  regard  to  pullatus 
is  lacking.  H.  pullatus  was  dredged  by  the  ChcHlenger  at  station 
218  off  the  north  coast  of  New  Guinea,  southwest  of  the  Admiralty 
Islands,  in  1,070  fathoms,  blue  mud. 

This  species  is  named  for  Dr.  Paul  Bartsch,  of  the  United  States 
National  Museum,  who  was  naturalist  during  the  Philippine  cruise 
of  the  Mhatross. 

Genns  HYMENASTERIDES  Fisher. 

RymenaiXerides  Fishes,  1911a,  p.  425. 

Diagnosis. — In  general  structure  similar  to  Hymenaster  but  with 
two  kinds  of  adambulacral  plates  alternating;  (1)  prominent  plates 


1  Sladen.  1889,  p.  519. 
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bearing  a  transverse  series  of  3  rather  long,  slender  spines,  and  (2) 
nonprominent  plates  with  only  1  spine.  Tube  feet  in  4  series,  the 
feet  of  the  outermost  series  corresponding  to  the  nonprominent  plates. 
Combined  mouth  plates  produced  actinally  into  a  cone,  the  apex  of 
which  is  about  the  middle  of  median  suture.    Two  suboral  spines. 


HTMENASTEBIDES  ZBNOONATHUS  1 

Plate  127,  figs.  4,  5;  plate  128,  fig.  2;  plate  1S4,  fig.  1. 
Hymenasterides  zenognathvs  Fishes,  1911a,  p.  425. 

Diagnosis, — Paxillar  area  raised  above  the  actinolateral  membrane 
which  forms  an  even  narrow  border;  paxillae  in  9  longitudinal  series, 
5,  or  laterally,  as  many  as  7  spines  to  a  paxilla,  one  being  longer  than 
the  rest;  no  visible  muscle-fibers;  scattered  spiracula.  Prominent 
adambulacrals  with  3  slender  membrane  invested  saoculate  spines: 
nonprominent  with  one,  each  of  which  is  opposite  a  tube  foot  of  outer 
series.  Mouth  plates  conical  actinally  with  2  suborals,  and  3  or  4 
marginals.  Fourteenth  actinolateral  spine  the  longest.  B=36  mm., 
r=22  mm.,  E=1.64  r.  Breadth  of  ray,  over  all,  21  to  25  mm.;  of 
paxillar  area  alone,  17  to  21  mm. 

Description. — ^The  paxillar  area  is  sharply  defined  from  the  lateral 
fringe,  or  actinolateral  membrane,  which  is  interradially  deeply  in- 
dented and  follows  tiie  contour  of  the  raised  supradorsal  membrane. 
Thus  the  actinolateral  membrane  forms  a  narrow  border  of  nearly 
uniform  width,  and  the  spines  do  not  project  beyond  the  edge.  They 
are  clearly  visible,  as  the  membrane  is  translucent.  The  supradorsal 
membrane  is  thin  and  translucent,  without  visible  muscle-fibers,  and 
with  small,  rather  widely  spaced,  inconspicuous  spiracula,  which  are 
not  in  definite  areas  but  sometimes  form  irregular  lines.  With  the 
exception  of  an  interradial  area  they  are  pretty  uniformly  distributed 
all  over  the  membrane.  Membrane  everywhere  rough  with  the  points 
of  the  paxillar  spinelets,  of  which  there  are  usually  6  (laterally  some- 
times 7)  to  a  paxilla.  The  latter  are  in  9  quincuncial  longitudinal 
series.  Each  paxilla  springs  from  a  cruciform  or  f our-lobed  base,  the 
lobes  overlapping  those  of  4  other  plates  leaving  quadrate  or  lozenge- 
shaped  papular  areas.  The  pedicels  are  longest  on  the  lateral  paxillae ; 
those  of  midradial  series  about  half  as  long  as  the  laterals,  and  the 
spines,  which  are  webbed,  are  in  all  cases  longer  than  the  pedicels. 
One  spine  is  usually  longer  and  stouter  than  the  others.  The  spines 
are  three-edged  or  triradiate  in  cross  section.  The  papulae  (1  to  an 
area)  are  attached  to  the  pedicels.  The  valves  guarding  the  osculum 
have  a  truncate  summit  and  are  strengthened  by  about  12  spines,  of 
which  the  5  or  6  median  are  longest.  About  8  other  spines,  much 
shorter,  form  a  comb  just  back  of  the  valves,  and  are  attached  to  the 
same  pedicel.    The  membrane  at  the  base  of  the  fans  is  pierced  by 
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scattered  spiracula,  and  that  between  the  fans  has  numerous  spiracula 
in  short  irregular  lines.  The  supradorsal  membrane  is  dotted  with 
numerous  very  small  whitish  spots  of  unequal  size,  due  probably  to 
groups  of  gland  cells.  There  are  rather  large,  well-spaced,  brownish 
rings  or  spots  on  the  outer  half  of  S. 

Ambulacral  furrow  wide;  tube  feet,  with  small  disks,  in  4  longi- 
tudinal series.  Adambulacral  plates  of  two  sorts,  prominent  and  non- 
prominent.  The  former  project  farther  into  furrow  and  bear  an 
oblique  transverse  series  of  8  or  4  slender  spines  invested  in  mem- 
brane which  forms  a  small  sacculus  at  tip.  The  outer  spine  is  the 
longest  (equals  the  length  of  5  plates  at  base  of  furrow),  the  other 
two  decreasing  slightly  in  length.  The  innermost  often  projects  be- 
tween 2  feet  of  the  outermost  series  and  is  deeper  in  the  furrow  than 
the  outer.  The  nonprominent  plate  corresponds  to  a  tube  foot  of  the 
outermost  series,  is  set  back  slightly,  and  bears  only  1  spine,  which 
stands  in  the  same  longitudinal  series  (with  reference  to  long  axis  of 
ray)  with  the  outermost  spine  of  the  prominent  plates,  and  is  of 
about  the  same  length  as  this  spine.  Aperture  papillae  short,  broadly 
ovate,  with  a  membranous  envelope  produced  into  a  short,  blunt  sac- 
culus. The  calcareous  part  is  only  about  one-fourth  the  length  of  the 
adjacent  subambulacral  spine,  and  there  is  no  difference  between  the 
papillae  of  the  two  sorts  of  plates.  The  apertures  are  narrow  and  not 
completely  covered  by  the  papillae.  The  first  adambulacral  plate, 
sometimes  prominent,  sometimes  nonprominent,  has  2  equal  or 
unequal  spines  and  a  large  aperture  papilla  immersed  in  the  actino- 
lateral  membrane. 

Mouth  plates  small  and  very  high,  the  combined  pair  produced 
actinally  into  a  conical  eminence,  the  apex  of  which  is  situated  at 
the  middle  of  the  median  suture.  The  height  of  this  extraordinary 
beak  or  cone  equals  the  interradial  diameter  of  the  pair  of  plates. 
From  the  blunt  point  at  the  top  the  plates  slope  straight  and  steeply 
to  the  actinostomial  margin,  which  is  produced  into  a  slight  beak, 
but  in  the  opposite  direction  the  plates  diverge,  leaving  an  open 
suture,  and  the  margin  of  the  plates  is  arcuate  and  nearly  perpen- 
dicular. Marginal  spines  3  or  4  (sometimes  only  2),  the  lateral-most 
usually  the  strongest  and  longest,  situated  on  a  slight  angle  of  the 
margin  and  directed  across  mouth  of  furrow.  The  innermost  spine 
which  is  well  spaced  from  the  median  beak  of  actinostomial  margin  is 
nearly  as  long  as  the  lateral-most  and  the  1  or  2  intermediate  spines 
are  somewhat  shorter.  Suborals  2,  nearly  like  the  subambulacrals 
and  situated  in  a  line  parallel  to  and  near  median  suture,  on  the 
actinostomial  face  of  the  cone. 

Actinolateral  membrane  translucent  forming  a  broad  margin  which 
decreases  in  width  evenly  from  interradial  angle.    The  fourteenth 
spine  is  the  longest,  and  is  the  first  to  meet  the  free  edge  of  mem- 
134a4— BuU.  100—19 31 
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brane.  The  first  is  articulated  to  the  second  adambulacral.  The 
spines  do  not  meet  interradially  their  fellows  of  adjacent  ray,  but 
leave  a  narrow  wedge-shaped  area.  The  length  of  this  wedge  (the 
apex  touching  mouth  plates)  is  about  half  the  extent  of  the  free 
edge  of  one  ray  measured  along  edge  of  actinolateral  membrane. 
This  actinolateral  membrance  is  nearly  fiat. 

Madreporic  body  globular,  and  without  a  paxilla  on  its  surface. 

Type.— C9.t.  No.  28660,  U.S.N.M. 

Type-locality. — Station  6628,  Molucca  Passage  between  Gillolo  and 
Makyan  Islands  (lat.  0**  16'  80"  N.;  long.  127^  80'  E.),  272  fathoms, 
fine  sand,  mud;  25  specimens. 

Distribution. — Sulu  Archipelago,  and  Molucca  Passage,  258  to  272 
fathoms,  mud  and  fine  sand. 

Specimens  examined. — Eight,  4  from  type-locality  and  4  from  the 
following  stations : 

Station  5549,  vicinity  of  Jolo  Island.  Sulu  Archipelago,  268 
fathoms,  sand,  globigerina,  foraminifera,  bottom  temperature,  52.3^ 
F. ;  1  specimen. 

Station  5550,  same  locality,  258  fathoms,  fine  sand,  shells,  52.3^  F. ; 
2  specimens. 

Station  5622,  Molucca  Passage,  near  Makyan  Island  (lat.  0°  19^ 
20"  N.;  long.  127^  28'  80"  E.),  275  fathoms,  gray  mud;  1  specimen. 

Remarks. — ^This  genus  constitutes  a  very  distinct,  new  type,  which 
differs  from  Hym>enaster  in  much  the  same  way  that  Diplopteraster 
differs  from  Pteraster.  The  most  easily  recognized  characters  of 
Hymenasterides  are  the  alternating  prominent  and  nonprominent 
adambulacral  plates,  correlated  with  the  quadriserial  arrangement 
of  the  tube  feet. 

Family  ZOROASTERIDAE  Sladen,  1889. 

KIT  TO  THB  KNOWN  OBNBBA  OV  K0E0A8TBBIDAB. 

o^  Dorsal  sorface  not  devoid  of  spines  and  not  covered  with  a  smooth  tough 
membrane  In  sharp  contrast  to  the  splnlferous  or  sqnamlferous  actino- 
lateral regions. 
H^  Superambulacral  plates  absent;  no  conspicuous  buttress  connecting  upper 
enlarged  end  of  first  2  pairs  of  ambulacral  plates  with  the  body  wall 
at  Interradlal  angle. 
0^  All  the  adambulacral  plates  carlnate  on  the  furrow  face.    Proffnaster^ 

Perrler. 
€^  Adambulacral  plates  alternately  carlnate  and  noncarlnate  on  the  furrow 
face. 

^Prognaaier  Perrier,  Comptes  rendns,  vol.  112,  May  6,  1891,  p.  1228.  Type,  P.  gri- 
maldU,  monotyplc.  Also  1894,  p.  120,  where  It  Is  stated  that  the  genus  Is  new  and  where 
only  one  species,  P.  Umffioauda,  Is  mentioned.  In  1896  In  Bfisultats  des  campagnes  sden- 
tlflques  do  Prince  de  Monaco,  tasc.  11,  p.  22,  Proffnatter  Is  redescribed,  with  P.  grimaXSiL 
P.  lonffioaudus  Is  probably  not  congeneric  with  grimiildU.  The  hitemal  stmctore  of  both 
Is  anknown. 
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^  Rays  long,  slender,  disk  small ;  abactinal,  marginal,  and  actinolateral 
plates  arranged  in  r^nlar  longitndinal  lines  along  ray,  a  series  of 
adradial  plates  being  always  present ;  all  but  the  median  radial,  or 
carinal,  which  are  longer  than  the  rest,  form  also  transverse  series 
with  one  another;  plates  covered  with  small  papilliform  skin- 
covered  spinelets,  and  most  of  them  bear  an  enlarged  spine ;  papular 
areas  small;  forfidform  pedicellariae  present;  actinolateral  plates 
in  8  to  5  series,  the  upper  subequal  to  the  inferomarginal  plates; 
superomarginal  plates  not  conspicuously  larger  than  inferomarginal 

plates Zoroaster  Thomson. 

d*  Abactinal  plates  arranged  in  regular  longitudinal  series  (the  carinal 

plates  the  largest),  bearing  large  skin-covered  scales,  which  mask 

all  plates  except  some  of  the  primary  apical  plates  of  disk,  and 

the  carinal  series  of  ray ;  no  pedicellariae ;  actinolateral  plates  in  2 

or  3  series,  much  smaller  than  the  inferomarginals ;  superomarginal 

plates  much  larger  than  inferomarginal  plates.    PJioUdaster  Sladen. 

ft*  Superambulacral  plates  present;  a  conspicuous  buttress,  the  specialized 

first  superambulacral  plate  connects  the  upper  end  of  the  first  2  ambula- 

cral  plates  with  body  wall  at  interradius. 

c*  Well  developed  adradial  plates ;  with  2  series  of  well  developed  papular 

areas  between  the  carinal  and  superomarginal  plates,  the  latter  not 

conspicuously   enlarged   nor   overlapping   the   carinals.    Mywodertna 

Fisher. 

o*  No   adradial  plates;  1  series  of  very  small  adradial  papular  pores; 

superomarginals  alternating  larger  and  smaller,  overlapping  strongly 

and  dominating  the  carinals  which  are  sunken  below  the  level  of  the 

superomarginals BythiolophuSj  Fisher. 

'  Abactinal  plates  of  disk,  the  carinals,  adradials  (when  present),  marginals, 
and  sometimes  one  series  of  actinolateral  plates  devoid  of  spines  or  any 
conspicuous  armature  but  mostly  smooth  and  covered  with  a  tough  mem- 
brane of  variable  thickness,  often  partly  obscuring  the  plates;  2  to  4 
lower  series  of  actinolateral  plates  covered  with  squamiform  fleshy  spine- 
lets  and  with  sometimes  a  conspicuous  appressed  spine;  superambulacral 
plates  present,  the  first  conspicuously  enlarged  into  a  buttress  connecting 
upper  end  of  first  2  ambulacral  ossicles  with  the  body  walL 
ft*  With  a  series  of  adradial  plates  more  or  less  well  developed ;  4  or  5  series 

of  actinolateral  plates Cnemidaater  Sladen. 

ft*  Adradial  plates  absent,  the  inner  lobe  of  the  superomarginal  plates  over- 
lapping the  carinal  plates;  3  series  of  actinolateral  plates  with  the 
beginning  of  a  fourth  in  large  examples Mammaater,  Perrler. 

Genus  ZOROASTER  WyvOle-Thomson. 

Zoroatter  Wtville  Thomson,  Depths  of  the  Sea,  1873,  p.  154.    Type, 
Z.  fiUgena  Thomson. 

KBT  TO  SPBCIES   HBBBIN  DESCBIBED. 

I*.  Carinal,  marginal,  and  lateral  plates  all  with  central  spine;  carinal  spine, 
stout  and  conical ;  marginal  and  lateral  spines  acicular,  prominent ;  pedi- 
cellariae long  and  slender,  usually  4  times  as  long  as  width  at  base; 
miliary  spinelets  long,  very  slender,  spaced ophiactia,  p.  478. 
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a*.  Superoinarginal  and  proximal  inferomarglnals  without  central  spine ;  lateral 
plates  with  prominent  spines;  carinals  with  inconspicuous  central  spine 
and  several  enlarged  spinelets,  or  enlarged  spinelets  only;  pedicellariae 
small,  only  slightly  longer  than  width  of  base;  miliary  spinelets  papilll- 
form,  close-set . phiUppinensis,  p.  47T. 

a\  Oarinal  and  all  but  distal  superomarginal  plates  without  central  spine  or 
enlarged  spinules;  inferomarglnal  and  lateral  plates  with  central  spine; 
carinal  plates  very  prominent,  subquadrate,  arched;  adradial  plates  in- 
conspicuous, nearly  entirely  covered  by  carinals  and  superomarginals ; 
rays  very  long  and  slender  (R=17  r) ;  adambulacral  plates  with  2  trance 
verse  series  of  spines  on  actinal  surface  and  1  on  the  furrow  keel  of 
alternate  plates;  papular  pores  very  small microporu9f  p.  475. 

KEY  TO  THE  INDO-PACIFIC    SPECIES   OF  ZOBGASTBa.^ 

a\  Oarinal,  marginal,  and  lateral  plates  all  with  central  spine. 
b\  Carinal  plates  not  unusually  large ;  pedicellariae  conspicuous. 
c^.  R=9  r.    Spinelets  grooved;  central  spine  of  abactinal  plates  often  ob- 
solescent ;  pedicellariae  more  conspicuous  than  spines,  except  those  of 
the  2  lowermost  rows;  prominent  adambulacral  plates  with  2  large 
bunches  of  pedicellariae  (12  to  20  to  a  bunch)  deep  in  furrow. 

alfredi  Alcock. 

c".  R=18  r.    Spinelets  not  grooved ;  central  spine  of  abactinal  plates  well 

developed;  papular  pedicellariae  very  slender,  less  conspicuous  than 

spines,  and  less  numerous  than  in  alfredi;  prominent  adambulacral 

with  a  small  group  of  pedicellariae  on  lowest  furrow  spine,  not  2 

large  bunches  ophiadis  Fisher. 

b*.  Carinal  plates  not  unusually  large;  ipedlcellarlae  not  conspicuous;  sub- 
ambulacral  spinelets  not  in  2  definite  transverse  series, 
c*.  R=16  r ;  rays  hemicyllndrical,  depressed ;  madreporlc  body  large,  tumid, 

conspicuous ;  carinal'  spines  conical,  stout,  fluted planus  Alcock. 

c\  R=10  to  11  r;  rays  strongly  carinated;  madreporlc  body  (Small,  incon- 
spicuous; carinal  spines  small,  not  fluted spinulosus  Fisher. 

6*.  Carlqal  plates  very  large,  tumid,  vertebra-shaped,  each  with  a  globular 
or   squatly   conical   spine;    papular   pores   very   small;    adambulacral 
plates  with  3  or  4  actinal  spines  in  2  transverse  series,  and  promi- 
nent plates  with  2  or  3  additional  spines  in  the  furrow,  the  outer  with 
1  large  pedicellaria,  the  Inner  with  6  to  10  small  ones— angulatus  Alcock. 
c*.  Superomarginal  plates  without  central  spine;   carinal  plates  with   small 
central  spine  and  several  enlarged  spinelets,  or  with  tuft  of  enlarged 
spinelets  only. 
h\  Prominent  adambulacral  plates  with  4  or  5  spines,  1  within  furrow  with 
1  or  2  pedicellariae;  pedicellariae  fewer,  small;  inferomarglnal  plates 

with  central  spine carinatus  Alcock. 

b^.  Prominent  adambulacral  plates  with  6  or  7  spines;  at  least  2  furrow 
spines  with  pedicellariae,  the  upper  with  a  pedicellaria  as  long  as  spine ; 
proximal    inferomarglnal    plates    without    central    spine;    pedicellariae 

numerous,  small philippinenMs  Fisher. 

a\  Carinal  plates  without  trace  of  enlarged  central  spine. 
b\  Adradial  plates  conspicuous ;  carinal  plates  medium-sized,  oval  or  rounded, 
granular;  no  superomarginal  spines;   R=12  r;  papular  pores  medium- 
sized adami  Koehler. 

^  Z.  tenuis  Sladen,  from  off  the  north  coast  of  New  Guinea,  1,070  fathoms,  is  too  young 
to  compare  with  these  species.     It  belongs  in  section  a^. 
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D*.  Adradial  plates  inconspicuous,  largely  obscured  by  the  large  carlnals; 
R=16  to  17  r ;  papular  pores  very  small. 
o\  Carlnals  hexagonal;  2  or  3  lateral  rows  of  spines;  1  transverse  series 
of  subambulacral  spines  on  both  kinds  of  plates;  rays  hemlcylindri- 

cal ;  tube  feet  quadriserial harathri  Alcock. 

c*.  Carlnals  squarish;  5  lateral  rows  of  plates  with  central  spines;  2 
transverse  series  of  subambulacral  spines  on  both  sorts  of  plates; 
rays  strongly  carinated ;  tube  feet  biserial microponia  1^'isiier. 

ZOROASTER  OPHIACTIS  Fisher. 

Plate  135,  figs.  2,  2a-& ;  plate  136,  fig.  1 ;  plate  139,  fig.  3. 
Zoroaster  ophiactia  Fisheb,  1016&,  p.  29. 

Diagnosis. — Closely  related  to  Zoroaster  aZfredi  Alcock,  from 
which  it  differs  in  having  longer  rays,  stouter,  conical,  carinal  spines, 
relatively  smaller  papular  pedicellariae,  ungrooved  spinelets,  less 
numerous  adambulacral  pedicellariae,  and  in  lacking,  deep  in  the 
furrow,  the  2  large  bunches  of  pedicellariae  characteristic  of  alfredi. 
E=282  mm.,  r=15.6  mm-,  R=18  r.  Breadth  of  ray  at  base,  17  mm. 
Disk  very  small,  fairly  level  on  top  in  large  specimens,  tumid  in 
small ;  rays  slender  and  strongly  carinate,  the  carinal  plates  forming 
a  definite  spiniferous  ridge;  median  tube- feet  smaller  and  more 
crowded  than  the  lateral. 

Description: — Primary  plates  of  disk  fairly  conspicuous,  but,  like 
the  others,  covered  with  slender,  rather  long  hirsute  spinelets,  inter- 
spersed among  which,  on  the  papular  areas,  are  several  large  2- jawed 
pedicellariae.  The  primary  plates  bear  a  central  robust  spine,  much 
stouter  and  a  trifle  larger  than  the  spinelets.  Carinal  plates  form- 
ing a  conspicuous  ridge,  each  with  2  lobes  on  either  side  which 
overlie  and  partly  cover  the  small  adradial  plates.  Between  the 
adradial  plates  and  adambulacrals,  at  base  of  ray,  7  series  of 
plates,  which  are  tumid  and  have  4  obtuse  lobes  by  which  they 
imbricate.  The  plates  increase  in  tumidity  toward  the  furrow. 
Plates  covered  with  slender,  relatively  long,  slightly  spaced  unequal 
spinelets,  which,  however,  vary  in  length  on  different  specimens, 
but  are  much  longer  and  more  hirsute  than  in  the  carinatus  group. 
These  spinelets  increase  slightly  in  length  toward  the  furrow.  Each 
carinal  plate  has  a  central  robust  conical  spine  or  sharp,  deciduous 
tubercle  of  variable  length  but  very  much  thicker  and  usually  de- 
cidedly longer  than  the  spinelets.  The  other  plates  (except  the 
small  adradials)  bear  a  central,  conspicuous,  slender,  tapering,  sharp 
spine,  that  of  the  superomarginal  about  1  to  1.5  plates  in  length 
while  those  adjacent  to  the  adambulacrals  are  2.5  plates  in  length. 
The  spines  of  the  lower  3  longitudinal  rows  are  flattened,  appressed, 
and  have  lengthwise  shallow  grooves.  The  papular  areas  are  fairly 
large  in  big  specimens,  with  1  or  2  papulae.    Each  area  is  guarded  by 
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1  long,  slender,  pedicellaria,  and  sometimes  by  1  or  2  additional 
small  ones.  The  pedicellariae  are  frequently  as  long  as  the  longest 
spinelets  and  the  slender  tips  are  often  slightly  curved.  They 
usually  stand  on  the  lower,  transverse  lobe  of  a  plate. 

Prominent  adambulacral  plates  with  1  spine  deep  in  furrow  armed 
with  1  to  several  pedicellariae  at  its  base  (not  always  present)  and 
a  terminal  three-cornered  sacculus  covered  with  upward  of  10  un- 
equal, medium-sized,  and  small  pedicellariae.  This  spine  is  usually 
bent  toward  the  nerve  cord.  Above  this  a  row  of  4  or  3  spines  is 
directed  upward,  the  third  usually  the  longest.  The  first,  that  above 
the  true  furrow  spine,  has  a  large  pedicellaria,  shaped  like  a  minia- 
ture ibis  beak,  attached  to  its  middle  or  its  base.  The  second  spine 
sometimes  has  a  similar  pedicellaria.  The  outer  end  of  the  plate  has 
1  or  2  spinelets  and  1  or  2  small  pedicellariae.  The  nonpromineat 
plates  have  a  small  spine  on  the  adoral  furrow  corner  and  on  the 
surface  of  the  plate  a  group  of  4  or  5  spines  and  spinelets,  1  to  3 
near  the  aboral  marginal  being  of  conspicuous  size  and  sometimes 
forming  an  oblique  series  toward  the  outer  adoral  comer.  Two  or 
3  small,  slender  pedicellariae  stand  on  the  outer  margin  of  plate. 
The  figures  will  best  show  the  disposition  of  the  adambulacral  spines. 
See  also  the  figures  of  a  half-grown  specimen  with  R,  115  mm. 

Madreporic  body,  medium  sized,  convex  about  half  the  diameter 
of  the  adjacent  basal  plate. 

Young. — ^A  specimen  from  station  5299  has  R=53  mm.,  r=5.5  mm., 
R=9.6  r.  The  carinal  plates  have  a  stout  conical  upright  spine  or 
tubercle,  but  the  other  central  spines  are  very  slender,  that  of  the 
superomarginal  scarcely  longer  than  other  spinelets  on  some  plates. 
Five  series  of  lateral  plates,  including  superomarginals.  Prominent 
adambulacral  plates  with  transverse  series  of  3  or  4  spines,  the 
innermost  with  1  large  pedicellaria.  The  large  pedicellariae  guard- 
ing the  papulae  are  present  only  at  the  base  of  ray  and  on  disk. 
Tube  feet  in  2  series. 

Type.^-QfiX.  No.  37008,  U.S.N.M. 

Tyye-loccility.—^UfaoTL  5606,  Gulf  of  Tomini,  Celebes,  834  fath- 
oms, green  mud;  1  specimen. 

Distribution. — From  southern  Luzon  to  Celebes,  559  to  890  fath- 
oms, bottom  temperature  38.3"*  to  39.2°  F. 

Specimens  examined. — ^Four,  the  type  and  1  from  each  of  the  fol- 
lowing stations: 

Station  5299,  China  Sea,  vicinity  of  southern  Luzon  (lat.  20°  05' 
N.;  long.  116°  05'  E.),  524  fathoms,  gray  mud,  sand. 

Station  5582,  vicinity  of  Darvel  Bay,  Borneo,  890  fathoms,  gray 
mud,  fine  sand,  bottom  temperature  38.3°  F. 

Station  5648,  Buton  Strait,  Celebes  (lat.  5°  35'  S.;  long.  122°  20' 
E.),  559  fathoms,  green  mud,  bottom  temperature  39.2°  F. 
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RemarJca. — The  type  of  this  species  (or  perhaps  subspecies)  is  much 
larger  than  that  of  Z.  cUfredi^  which  measured  B,  190  mm«,  and  in 
which  B  equals  9  r.  A  specimen  of  ophiactis  from  station  5648  has 
B  120  mm.  and  B=12  r.  Thus  the  ray  is  relatively  longer  than  in 
alfredi^  while  in  the  type  of  ophiactis  the  ray  is  relatively  twice  as 
long,  but  the  specimen  is  much  larger.  Alcock  describes  the  disk 
pedicellariae  of  dlfredi  as  being  as  large  as  grape  stones.  This  is 
certainly  very  much  larger  than  in  ophiactis^  where  the  longest,  nar- 
rowly lanceolate  as  viewed  from  the  side,  measure  2  mm.  They 
are  usually  about  1.5  nmi.  long.  As  for  the  pedicellariae  of  the  rays, 
Alcock  says  that  they  are  much  more  conspicuous  than  any  of  tiie 
spines  except  those  on  the  plates  of  the  2  most  actinal  rows.  This 
is  not  true  for  opMactia.  The  pedicellariae  are  not  so  long  as  the 
spinelets,  as  a  rule,  and  those  which  are  longer  than  the  spinelets 
are  too  slender  to  be  very  conspicuous.  The  stout  carinal  spines  are 
much  heavier  than  those  of  alfredi  and  much  larger  than  any  of 
the  pedicellariae.  There  seems  to  be  considerable  difference  in  the 
details  of  the  adambulacral  armature. 

Z.  dtfredi  was  dredged  in  the  Bay  of  Bengal  1,800  to  1,880  fathoms, 
Globigerina  ooze. 


ZOROASTEB  RaCBOPORUS  1 

Plate  1S4,  fig.  4,  4a ;  plate  136,  fig.  2 ;  plate  189,  fig.  4. 

Zoroaster  microporus  Fishes,  1916&»  p.  80. 

Dioffnosis. — ^Belated  to  Zoroaster  harathH  Alcock,  from  which  it 
differs  in  having  squarish  instead  of  hexagonal  carinal  plates,  smaller 
miliary  spinelets,  longer  central  spines  on  6  lateral  rows  of  plates 
(instead  of  on  the  2  or  8  lowermost  series  only),  more  numerous 
pedicellariae,  in  having  2  inner  spines  of  the  prominent  adambu- 
lacrals  with  pedicellariae  (8  in  harathrif)^  and  in  having  2 
transverse  series  of  spines  on  the  actinal  face  of  both  sorts  of 
adambulacrals.  B=205  mm.,  r=12  mm.,  B=17  r;  breadth  of  ray  at 
base,  18  mm.  Disk  small,  scarcely  more  than  the  united  bases  of  the 
rays;  rays  long,  slender,  with  a  conspicuous,  rounded,  unarmed  cari- 
nal ridge,  and  a  well-defined  sulcus  along  either  side;  5  series  of 
lateral  plates  with  a  central  spine;  tube  feet  biserial. 

Description. — ^Major  portion  of  abactinal  surface  of  disk  occupied 
by  primary  apical  plates,  forming  2  circles  around  the  large  tumid 
central  plate  (see  figure).  Plates  covered  with  short  papilliform 
spinelets  spaced  about  half  to  two-thirds  their  length,  the  calcareous 
portion  slender,  but  their  membranous  investment  giving  them  an 
ovoid,  often  asymmetrical,  form.  No  enlarged  central  spines.  Two- 
jawed  pedicellariae,  slightly  longer  than  the  spinelets,  rather  numer- 
ous aroimd  the  papulae  and  along  the  sutural  lines.    Papulae  1  or  2 
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to  an  area,  small;  pores  very  small.  Carinal  plates  forming  an 
evenly  rounded,  prominent,  carinal  ridge,  the  general  form  of  the 
plates  being  square.  The  transverse  sutures,  which  are  arched,  are 
nearly  straight,  while  either  border  of  the  proximal  plates  is  shal- 
lowly  notched  in  the  middle  to  accommodate  a  small  papula,  and 
each  of  the  four  comers  of  the  plate  is  rounded,  on  account  of  a 
small  adjacent  papular  pore.  Beyond  the  basal  third  of  the  ray  this 
notch  disappears,  on  account  of  the  absence  of  the  pore  (the  comer 
pores  persist  irregularly  far  along  ray)  and  the  lateral  borders  of 
the  plate  are  slightly  convex.  Proximally  there  are  two  transverse 
rows  of  lateral  plates  to  each  carinal,  but  the  regularity  is  soon  lost. 

Adjacent  to  the  carinals  is  a  series  of  small,  flat,  sunken  adradials, 
overlapped  by  the  carinals  and  superomarginals,  the  widest  bein^ 
about  one-third  the  width  of  the  carinals.  Between  these  and  the 
adambulacrals  are  6  series  of  regular  broadly  elliptical  slightly 
tumid  plates,  wider  than  long  and  forming  also  regular  transverse 
rows.  The  2  upper  series  (the  marginal  plates)  are  not  larger  than 
the  others,  except  that  the  2  most  actinal  series  are  more  covered  by 
the  overlapping  of  the  adjacent  plates  above,  and  appear  to  be 
smaller.  Very  small  papulae  occur  at  the  junction  of  any  4  plates, 
except  adjacent  to  adambulacrals.  The  surface  of  the  plates  is 
covered  with  short,  pointed,  papilliform  spinelets  spaced  one-half 
to  two-thirds  their  length,  and  the  inferomarginals,  and  the  actinal 
intermediate  plates  (proximally  6  rows  in  all)  have  a  central  ap- 
pressed,  slender,  needlelike  spine,  which  on  the  inferomarginals  is 
scarcely  longer  than  the  plate  (and  is  sometimes  obsolete),  but  in- 
creases in  size  regularly  toward  the  furrow,  the  lowermost  spines 
being  2  or  2^  plates  long.  Near  the  end  of  ray  the  superomarginals 
have  also  a  small  central  spine.  There  are  many  small  2-jawed 
pedicellariae  along  the  sutures  between  plates,  especially  near  the 
papulae. 

Prominent  adambulacral  plates  with  a  transverse  oblique  series 
of  5  prominent  spines,  and  adorally  to  the  outer  2,  a  second  trans- 
verse series  of  2  much  shorter  spinelets.  A  similar  additional 
spinelet  sometimes  stands  at  the  outer  end  of  the  first  series.  The 
innermost  spine,  deep  in  the  furrow,  bears  a  saccular  investment,  with 
upward  of  20  small  pedicellariae,  while  the  next  spine,  directed 
across  furrow  has  at  the  middle  or  base  a  large  pedicellaria,  with 
slightly  curved  jaws  as  long  as  or  a  little  longer  than  the  spine. 
The  nonprominent  plates  have  on  the  actinal  surface  usually  5  spines, 
in  2  transverse  series,  the  aboral  the  larger  and  containing  3.  In 
the  furrow,  near  the  adoral  margin,  on  a  level  with  the  second  spine 
of  a  prominent  plate  (that  bearing  a  large  pedicellaria)  is  a  short 
spine  with  a  bunch  of  6  or  8  small  pedicellariae.  Proximally,  along 
the  sutiire  between  the  adambulacral  and  intermediate  plates  is  a 
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row  of  small  pedicellariae,  1  to  3  to  each  adambulacral  plate.  Some- 
times they  stand  on  an  intermediate  plate.  Furrow  narrow,  tube 
feet  in  2  series;  the  pedicels  opposite  prominent  plates  are  smaller 
than  the  others,  and  a  trifle  out  of  line  at  the  base  of  the  ray. 

Madreporic  body  small,  about  one-third  the  diameter  of  the  ad- 
jacent basal  plate. 

Type.— C^it,  No.  37009,  TJ.S.N.M. 

Type-locality. — Station  5637, 21  miles  southwest  of  Amblan  Island 
(off  Bouro  Island),  Moluccas  (lat.  3°  53'  20"  S.;  long.  126°  48'  E.), 
700  fathoms,  gray  mud ;  1  specimen. 

Distribution. — Known  only  from  the  type-locality. 

Remarks. — ^Among  the  species  described  by  Alcock  from  the  Bay 
of  Bengal  and  adjacent  waters  this  species  stands  nearest  to  Z. 
harathri^  dredged  in  1,520  fathoms  in  the  Bay  of  Bengal.  It  differs 
from  Z.  planus  (Laccadive  Sea,  1,200  fathoms)  and  Z.  angulatus 
(Gulf  of  Manaar,  597  fathoms)  in  lacking  the  series  of  conical  cari- 
nal  spines.  In  addition,  Z  planus  has  hemicylindrical  depressed  rays, 
a  very  large  madreporic  plate,  and  central  spines  on  the  supero- 
marginals  as  well  as  on  the  other  lateral  plates,  while  the  adambu- 
lacral plates  do  not  have  2  transverse  rows  of  spines  on  the  actinal 
face.  The  disk  is  very  definitely  delimited  from  the  base  of  the  rays, 
the  covering  of  spinelets  is  sparser,  and  the  central  spines  are  longer. 
Z.  angulatus  agrees  in  having  the  double  series  of  subambulacral 
spines,  but  differs  in  the  distribution  of  adambulacral  pedicellariae, 
has  superomarginal  central  spines,  and  quadriserial  tube  feet. 

ZOBOASTEB  CARINATUS  PHDIPPINENSIS  FlahM. 

Plate  116,  fig.  3 ;  plate  135,  figs.  3,  3a ;  plate  137. 
Zoroaster  carinatus  phiUppinensis  Fishes,  1916^,  p.  80. 

Diagnosis. — ^Differing  from  Z.  oarinat^us  (Andaman  Sea)  in  hav- 
ing more  numerous  adambulacral  spines  (6  or  7  instead  of  4  or  6), 
with  many  more  pedicellariae;  less  tumid  apical  plates,  less  promi- 
nent central  spinelets  to  carinal  plates;  more  numerous  pedicellariae 
generally.  Disk  small,  rays  long,  slender,  pointed,  with  a  midradial 
ridge  or  carina ;  central  spinelets  of  carinal  plates  slightly  enlarged ; 
4  rows  of  slender  appressed  spinelets  along  side  of  ray  (3  in  small 
specimens) ;  superomarginal  and  proximal  inferomarginal  plates 
without  central  spine  (the  latter  sporadically  with  a  spine  in  cari- 
natvs) ;  prominent  adambulacral  plates  with  transverse  series  of  6 
or  7  spines  (5  in  small  specimens),  the  inner  2  with  several  large  and 
small  pedicellariae;  R=194:  mm.,  r=13.5  mm.,  R=14  r;  breadth  of 
ray  at  base,  14  or  15  mm. 

Description. — ^Disk  flat-topped,  or  only  slightly  domed,  and  ele- 
vated above  midradial  ridge  of  ray.    Primary  apical  plates  not 
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prominent,  except  in  small  specimens,  and  in  large  specimens  not 
very  distinct  one  from  another,  the  borders  being  obscured  by  the 
dense  covering  of  small,  papilliform,  blunt  or  sharp,  spinelets  (1 
mm.  long  in  the  type).  These  spinelets  are  usually  more  or  less 
swollen  on  account  of  their  membranous  covering  and  are  inclined 
slightly  toward  the  center  of  disk,  the  2,  8,  or  4  central  spinelets  of 
each  plate  being,  as  a  rule,  enlarged  slightly,  especially  in  large 
specimens.  One  of  the  central  spinelets  may  surpass  the  others  a 
trifle  and  be  more  tuberculate  in  form,  but  usually  the  excess  is  not 
at  all  conspicuous.  One  or  2  small  lanceolate  f orficiform  pedicel- 
lariae  about  as  long  as  the  spinelets,  but  more  robust,  stand  on  the 
edge  of  the  papular  areas,  which  in  the  type  usually  contain  2  or  8 
papulae,  but  in  moderate  or  small-sized  examples  has  generally  1 
papula.  In'' medium-sized  specimens  fiie  spinelets  are  decidedly 
granular  in  appearance,  owing  to  the  fact  that  they  are  relatively 
shorter  and  nearly  always  blunt  or  truncate. 

Degree  of  carination  of  ray  variable,  best  marked  in  medium-sized 
specimens  (B,  125  mm.)  and  in  large  specimens  such  as  the  type 
it  is  rather  more  pronounced  on  the  proximal  part  of  the  ray. 
Arrangement  of  plates  and  spinelets  closely  similar  to  that  of  Z. 
caarmatuB^  but  in  specimens  with  B  more  than  90  mm.  there  are 
6  longitudinal  series  of  plates  between  the  adradial  and  adambu* 
lacral  plates,  instead  of  5  as  described  for  oarinatus.  In  the  present 
species  some  specimens  of  the  size  of  the  type  of  carvMitus  (B=:90 
mm.)  have  5  series  and  some  6.  Plates  of  carinal  series  slightly 
wider  than  long,  or  the  2  dimensions  subequal,  with  1  or  2  lobes 
on  either  side,  which  overlap  the  sunken  adradial  plates,  the 
exposed  surface  of  the  latter  being  one-third  or  one-half  the  width 
of  the  carinal  plates.  The  next  2  series  probably  represent  the 
marginal  plates.  They  are  wider  than  long,  hexagonal,  and  the 
upper  series  overlaps  the  adradial  plates  and  the  inferomarginals. 
The  exposed  surface  of  the  plates  of  the  remaining  4  rows  de- 
creases in  width  as  the  furrow  is  approached,  and  each  bears  a  sharp, 
appressed,  dagger-shaped  spine,  which  increases  in  size  toward  the 
furrow,  where  they  are  about  twice  the  length  of  their  plate.  These 
spines  thus  form  vertical  series  of  4  along  the  side  of  the  ray. 
Toward  the  end  of  the  ray,  after  the  lowermost  series  of  plates  ends, 
the  spines  appear  on  the  inf  eromarginal  plates,  and  sometimes  occur 
here  and  there,  but  not  numerously,  on  the  proximal  inf eromarginals. 
The  superomarginals  are  without  central  spines. 

All  the  plates  are  closely  covered  with  pointed,  appressed,  papilli- 
form spinelets,  which  are  directed  toward  the  midradial  line,  8  or 
4  in  the  center  of  the  carinal  plates  being  enlarged,  and  forming  an 
inconspicuous  tuft.  The  central  spinelet  may  be  enlarged  into  a 
short,  robust,  bluntly  pointed  tubercle.     In  some  specimens  the 
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spinelets  of  the  superomaringal  plates  increase  slightly  in  size  toward 
the  inner  margin,  but  there  is  much  variation  in  this  character. 
There  are  7  series  of  papular  pores,  but  the  lowest  are  very  small. 
Most  of  the  pores  are  guarded  by  1  or  2  pedicellariae,  subequal  to 
the  spinelets,  or  larger.  There  is  considerable  variation  in  their 
occurrence.  Sometimes  nearly  all  the  pores  are  guarded,  at  least 
on  the  proximal  half  of  ray,  while  in  others  less  than  half.  Pedicel- 
lariae sometimes  occur  proximally  on  the  transverse  suture^  between 
the  carinal  plates. 

Prominent  adambulacral  plates  of  type  with  a  transverse  series  of 
6  or  7  spines,  8  or  4  on  the  projection.  There  is  usually  1  deep  in 
the  furrow,  with  a  large,  and  1  or  more  small,  pedicellariae  at  the  tip 
(or  small  pedicellariae  only).  Above  this  forming  a  nearly  vertical 
series  are  3  other  spines,  usually  flattened.  The  lowest  has  a  large 
pedicellaria  as  long  as  the  spine,  sometimes  with  additional  small 
ones ;  the  next  2  are  usually  without  pedicellariae.  Two  or  3  shorter 
spinelets  follow,  on  the  actinal  surface  of  the  plate,  but  in  line  with 
the  foregoing,  while  2  or  3  (or  less)  additional  spinelets  form  an 
independent  transverse  series  adorad  to  the  outer  2  of  the  principal 
series.  These  4  or  5  spinelets  form  a  group,  and  are  subequal  to  the 
spinelets  of  the  adjacent  actinal  plates.  The  nonprominent  plates 
have  a  group  of  4  or  5  spinelets  subequal  to  the  outer  spinelets  of 
the  prominent  plates.  One  stands  on  the  furrow  margin,  adjacent 
to  a  tube  foot,  and  has  1  or  2  medium-sized  pedicellariae  at  the  tip. 
In  a  large  specimen  from  station  5326,  the  3  inner  spines  of  each 
prominent  plate  are  provided  with  pedicellariae.  Many  plates  have 
only  the  single  transverse  row  of  spines  without  the  additional 
adoral  spinelets.  In  small  specimens,  the  pedicellariae  tend  to  be 
relatively  smaller.  There  is  considerable  variation  in  the  relative 
numbers  of  large  and  small  pedicellariae,  but  they  are  much  more 
numerous  than  in  Z.  carmatus.  In  some  specimens  pedicellariae  are 
lacking  on  the  nonprominent  plates. 

Madreporic  body  small,  about  half  as  broad  as  adjacent  basal  plate. 

Young. — The  smallest  specimen  (station  5453),  and  the  only  one 
with  6  rays,  measures  E,  24  mm.,  r,  3.5  mm.,  E=6.8  r.  The  carinal 
plates  are  conspicuous,  and  touch  the  superomarginals.  In  addition 
to  the  inferomarginals  there  are  a  series  of  actinal  intermediate 
plates,  the  inner  of  which  extends  two-thirds  the  length  of  ray. 
These  plates  bear  a  central  spine  as  in  the  adult,  and  the  central 
spinelets  of  the  carinal  plates  are  slightly  enlarged.  Four  series  of 
papulae — one  on  either  side  of  the  carinal  plates,  and  one  inter- 
marginal.  The  prominent  adambulacral  plates  have  3  permanent 
spines  in  the  furrow,  the  lowest  with  1  or  2  pedicellariae,  and  on  the 
actinal  surface  2  or  8  additional  spinelets,  1  usually  out  of  line.   The 
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other  plates  have  3  to  5  spinelets,  the  one  on  the  furrow  usually  with 
a  small  pedicellaria.    Terminal  plate  large. 

Type.— Cat.  No.  37010,  U.S.N.M. 

Type-locality. — Station  5587,  Sibuko  Bay,  Borneo,  415  fathoms^ 
green  mud,  sand,  coral,  bottom  temperature  42.3''  F.;  1  specimen* 

Distribution. — Philippine  Islands,  jErom  northern  Luzon  to  TaTv^i 
Tawi,  and  Sibuko  Bay,  Borneo,  96  to  604  fathoms,  usually  on  green 
mud. 

Specimens  exarrmied. — Ninety,  from  the  following  stations: 

Specimens  of  Zoroaster  c.  philippinensis  examined. 


Sta- 
tion. 


6123 
6124 
6183 
6215 
6216 
6250 
6266 
6268 
6272 
6273 
6278 


6297 
6298 
6325 
6326 
6371 
6388 
6411 
6412 
6417 
6418 


LocaUty. 


I  Depth 
ana). 


6627 

6628 
6638 
6565 
6687 


Off  Ifalabiigo  Light,  east  coast  Mindoro 

Off  Point  Origon,  east  coast  Mindoro 

Between  Panay  and  Negros , 

East  of  Masbate  Island 

Between  Masbate  and  Luzon , 

Off  northwestern  Panay 

BatangasBay,  Luzon 

do 

China  Sea,  oil  Corregidor  Light,  Luzon 

do 

China   Sea,   between   Lubang   Island   and 

Manila  Bay. 
do 

Oil  Batangas  Bay  (Verde  Island  Passage) 

do 

Off  Hermanos  Island,  northern  Luzon 

do 

Off  Tayabas  Light,  Marfnduque  Island 

Between  Burias  and  Luzon 

Between  Cebuand  Bohol 

do 

do. 


.do. 


6463    Albay  Qulf,  southern  Luzon 

6476    San  Bernardino  Strait 

Between  Siquijor  and  Bohol  Islands. 

— do 

Between  Negros  and  Siquijor 

Between  Jolo  and  Tawl  Tawi 

Sibuko  Bay,  Borneo 


.do. 


281 
90 
604 
215 


170 
118 
114 
102 


Nature  of  bottom. 


Green  mud 

Soft  green  mud.... 

Qreenmud 

___   do 

312  i  Gray  mud.  ^oblgeilna 
135  '  Sand,  mud 

Sand,  pebbles _  _ 

Mud.  shells,  coral  sand. 

do 

Fine  sand,  mud,  shells. 


248 
196 
140 
224 
230 


Dark  gray  sand.. 

Mud,  sand 

Sand. 

Green  mud 

Mud 

Soft  mud 

Soft  green  mud.. 

145  I  Green  mud 

162  I do 

165  ;  Gray  mud,  sand. 


226  ! 


159 
146 
270 
302 
439 
256 
243 
415 

260 


.do. 


Fine  sand 

Globlgerina  ooze . . . 

do 

Green  mud,  sand. . , 
Sand,  Pteropod  shells. 
Green     mud,     sand, 

ooral. 
Fine  eray  sand,  gray 

mud. 


Bottom 
temp- 
erature 
•F. 


Num- 
ber of 
speci- 


63.4 
6a6 
68.1 
40.8 


"I 


67.4 


59.6 
47.4 


63.2 
65.4 


51.4 
65.2  I 
54.8  I 
54.4  I 
64.4 


48.3 
63.3 
53.3 
63.3 
52.3 
42.3 

45.7 


3 
1 
3 
3 
1 
1 
2 
14 
2 
3 
5 

1 
6 
1 

1 

15 
1 
1 
2 
1 
5 
1 
4 
2 
3 
2 
2 
3 
1 


Genus  CNEMIDASTER  Sladeiu 

Cnemidaater  Sladen,  1889,  p.  423.    Type,  O,  wyviUii  Sladen. 

CNEMIDASTER  WYVfLUI  Sladen. 

Plate  134,  figs.  3,  3a ;  plate  138. 

Cnemidaster  toyvUlH  Sladen.  1889,  p.  424,  pi.  67,  figs.  3  and  4 ;  pi.  68.  figs. 
3  and  4. 

The  genus  Cnemidaster  Sladen  was  based  upon  a  single,  very 
immature  specimen  of  the  present  species,  dredged  by  the  Challenger 
in  800  fathoms  in  the  Arafura  Sea.  The  measurements  of  this  type 
are :  R,  22  mm.,  r,  4.25  mm.  The  smallest  specimen  in  the  Albatross 
collection  has  R=33  mm.    When  adult,  Cnemidaster  bears  a  very 
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dose  resemblance  to  Mammaster  Perrier,  the  only  differential  charac- 
ters that  I  can  find  being  stated  in  the  key  to  genera.  It  may  be 
necessary  eventually  to  merge  the  2  genera.  Perrier  (1894,  p.  128) 
states  that  there  are  forcipiform  (crois6)  pedicellariae  on  the  disk; 
I  have  found  numerous  forficiform  pedicellariae.  The  former  are 
not  supposed  to  occur  in  this  family. 

In  both  Cnemidaster  and  Mammaster  superambulacral  plates  are 
present  and  the  first  is  modified  into  a  conspicuous  buttress  or  stay 
extending  from  the  upper  end  of  the  combined  first  2  ambulacral 
plates  to  the  body  wall  at  the  interradius,  as  in  Myxoderma  and 
Bythdolophtis. 

There  are  in  the  collection  no  specimens  strictly  comparable  with 
the  very  small  type  of  wyviUii,  although  1  example,  as  already 
stated,  is  only  slightly  larger.  This  specimen  seems  to  be  referable 
to  Sladen's  species,  although  it  must  be  admitted  that  the  specific 
determination  of  very  young  specimens  is  difficult,  owing  to  the 
fact  that  important  characters,  such  as  granules,  spines,  and  pedicel- 
lariae may  not  appear  until  comparatively  late.  The  young  of  dif- 
ferent species  may,  therefore,  be  very  closely  similar.  Owing,  how- 
ever, to  the  similarity  between  the  2  forms,  and  the  geographical 
proximity  of  the  ChdUenger  station,  I  have  thought  it  better  to  list 
the  Albatross  specimens  as  wyvtUiL  They  are  closely  related  to  both 
Cnemidaster  zea^  and  C.  squameus.  For  instance,  there  is  consid- 
erable variability,  one  specimen,  otherwise  perhaps  referable  to  G.  zea 
has  central  spines  on  the  distal  carinal  and  marginal  plates,  and 
spaced  granules  on  the  disk  plates,  while  another  from  the  same 
station  (5602)  has  no  granules  on  the  swollen  disk  plates.  The  fol- 
lowing description  will  aid  in  determining  specimens : 

Description. — ^Taken  from  specimens  from  Gulf  of  Tomini,  Celebes. 
R=109  mm.,  r=12  mm.,  E=9  r  (station  5607) .  Disk  flat-topped  and 
elevated  above  base  of  rays,  the  plates  essentially  as  in  the  young,  but 
definitely  scalloped  or  indented  for  papulae.  In  the  grooves  are  a 
few  fair-sized  pedicellariae  (1.5  mm.  long)  about  3  times  as  long  as 
broad  at  base,  and  a  few  scattered  immersed  granulif orm  spines.  One 
specimen  from  station  5602  has  scattered  small  granules  under  the 
skin  of  the  disk  and  proximal  abactinal  plates  of  the  ray,  while  an- 
other from  station  5606  has  fewer  granules  on  the  disk  only.  Four 
other  adult  specimens,  one  from  5602,  lack  the  granules.  Rays  evenly 
arched,  without  a  marked  carinal  ridge.  There  is  a  carinal  series  of 
slightly  convex  plates  proximally  wider  than  long,  distally  longer 
than  wide.  On  either  side  of  this  is  a  dose  double  row  of  papular 
pores  emerging  on  either  side  of  a  nearly  hidden  series  of  small  ad- 
radial  plates.  Then  follows  3  (or  4)  series  of  overlapping,  smooth, 
skin-covered  plates,  followed  by  3  series  covered  with  spaced,  lan- 
ceolate, flat,  squamiform  spinelets,  which  in  the  interbrachial  areas 
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cover  the  first  1  or  2  plates  of  the  other  series,  as  far  up  as  the  lower 
border  of  the  superomarginals.  These  three  lower  series  (or  2  in 
smaller  examples)  have  a  central  flattened,  sharp  spine  on  many  of 
the  plates,  often  arranged  so  that  alternate  transverse  rows  lack  one, 
or  all  of  the  central  spines,  which  are  therefore  in  spaced,  often  in- 
complete transverse  combs.  On  the  outer  third  of  the  ray  the  carina! 
and  marginal  plates  (the  latter  being  the  only  naked  plates  reaching 
end  of  ray)  are  armed  with  an  appressed,  tapering,  sharp  spine  about 
as  long  as  its  plate.  There  is  no  trace  of  this  on  the  young  specimen,, 
although  present  on  an  adult  from  the  same  station  (6607).  Very 
small  pedicellariae  occur  sparingly  on  the  8  lower  rows  of  armed 
plates,  and  distally  on  the  abactinal  naked  plates. 

Prominent  adambulacral  plates  with  a  transverse  series  of  4  or 
5  spines,  the  innermost  rather  deep  in  the  furrow  and  directed  hori- 
zontally between  2  tube  feet;  the  next  2  longer,  erect,  flattened, 
acute,  slightly  curved,  and  tapering  from  a  stout  base;  the  outer  1 
or  2  shorter,  flattened,  and  more  or  less  leaflike.  The  innermost 
2  spines  (or  the  second  only)  bear  each  a  large  pedicellaria,  fre- 
quently as  long  or  even  longer  than  the  spines,  and  sometimes  accom- 
panied by  one  to  several  small  pedicellariae,  especially  at  the  base  of 
the  ray.  One  jaw  of  the  pedicellaria  is  spatulate,  larger,  and  more 
curved  than  the  other,  resembling  a  miniature  duck's  beak;  or  the 
jaws  are  nearly  equal  and  the  distal  half  of  the  pedicellaria  is  curved, 
something  like  a  miniature  ibis's  beak.  Along  the  adoral,  transverse 
margin  are  usually  two  squamif  orm  spinelets.  In  the  specimen  with 
granular  disk  plates  from  station  5602  there  are  sometimes  8  spinelets 
in  this  series,  and  the  one  nearest  furrow  is  tapered  and  bears  one 
small  pedicellaria  (or  at  the  base  of  the  furrow,  several) .  Nonpromi- 
nent  plates  with  usually  5  spines,  in  2  transverse  series  (3  spines 
in  the  adoral).  Usually  the  2  aboral  spines  are  flattened  and 
squamiform,  and  the  adoral  tapered  but  often  the  outermost  of  the 
adoral  spines  is  also  squamiform.  The  innermost  of  that  series  is 
short,  tapered,  and  stands  a  little  out  of  line  on  the  furrow  margin 
of  plate.  It  usually  (but  not  always)  bears  a  pedicellaria  longer  than 
the  spine,  solitary  or  accompanied  by  1  to  8  very  small  ones  at  its  base. 

In  the  young  specimen  from  station  5202  the  plates  are  subequal 
and  armed  with  a  transverse  series  of  4  or  5  spines,  the  inner- 
most slender,  tapering,  and  sharp,  the  others  increasing  in  thickness 
and  becoming  more  flattened  toward  the  outer  end  of  the  plate. 
Adorad  to  these  there  is  often  but  not  always  1  short  spinelet,  rarely  2. 
Sladen  mentions,  in  the  description  of  the  immature  type,  only  the 
series  of  5  spines,  but  his  figure  (1889,  pi.  68,  fig.  4)  shows  the  small 
adoral  spinelet. 

Madreporic  body  small  (1.5-2.5  mm.),  and  surrounded  by  gran- 
ules or  very  short,  stubby  spinelets.    Tube  feet  in  4  crowded  series 
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proximally,  becoming  2  on  the  outer  third  or  two-fifths  of  ray.  There 
are  small  triangular  superambulacral  plates.  Ampullae  double,  but 
the  outer  division  very  short,  while  the  inner  is  vermiform  and  3  or 
4  tunes  as  long. 

SpeciTnen  from  vicinity  of  Darvel  Bay,  Borneo,  station  6582. — 
H=205  mm.,  r=17  mm.,  E=12  r.  In  this  example  there  is  no  sign  of 
granulation  on  the  abactinal  plates  of  the  disk  and  only  the  last 
dozen  marginals  at  the  tip  of  ray  have  an  inconspicuous  armature. 
The  superomarginals  usually  have  2  appressed  spinelets,  and  the  in- 
feromarginals  1.  On  the  basal  third  of  the  ray  there  are  4  lateral 
series  of  naked  plates,  covered  with  smooth  skin,  then  8,  and  finally 
near  the  tip  of  ray,  2.  The  enlarged  central  spine  of  the  8  actinal 
intermediate  series  occurs  almost  always  only  on  alternate  transverse 
(or  vertical)  series.  The  prominent  adambulacral  plates  have  gen- 
erally a  transverse  series  of  4  spines,  the  furrow  spine  only  bearing 
an  equally  long  pedicellaria  with  jaws  curved  at  the  ends,  accom- 
panied by  1  or  2  small  ones.  The  2  outer  spines  are  flattened  and 
squamiform,  while  the  second  is  intermediate.  There  are  2  much 
shorter  lanceolate  leaflike  spinelets  adoral  to  the  spines.  The  non- 
prominent  plates  have  5  squamiform  spines,  but  the  furrow  spine  has 
a  pedicellaria  only  irregularly  and  at  the  base  of  ray. 

This  example  is  extremely  close  to  Cnemidaster  zea  (Alcock),  the 
only  difference  of  importance  seeming  to  be  the  restriction  of  the 
lateral  spines  to  alternate  vertical  rows  of  plates.  The  description  of 
zea  does  not  particularize  on  this  feature,  so  that  the  arrangement 
may  be  somewhat  irregular,  as  in  the  specimens  from  the  Gulf  of 
Tomini.  Of  the  adambulacral  armature  of  zea,  Alcock  says:  The 
adambulacral  plates  are  covered  with  flat  foliaceous  spinelets;  every 
alternate  plate  has  a  prominent  intraambulacral  ridge,  bearing  a  row 
of  8  saber-shaped  spines,  and  deep  within  the  furrow  a  slender  spine- 
let  furnished  with  several  pedicellariae  one  of  which  is  large."  The 
type  of  zea  has  B,  144  mm.,  r,  12  mm. 

Type. — ^In  the  British  Museum  (Natural  History). 

Type-locality. — Challenger  station  191,  Arafura  Sea,  northwest  of 
the  Aru  Islands  (lat.  6*^  41'  S.;  long.  184**  4'  80"  E.),  800  fathoms, 
green  mud,  bottom  temperature  89.5**  F. 

Distribution. — ^Vicinity  of  Darvel  Bay,  Borneo;  Gulf  of  Tomini, 
Celebes;  Arafura  Sea;  761  to  1,089  fathoms;  temperature  range, 
86.8<>  to  89.5**  F. 

Specimens  examined. — Seven,  from  the  following  stations: 

Station  5582,  vicinity  of  Darvel  Bay,  Borneo,  890  fathoms,  gray 
mud,  fine  sand,  bottom  temperature  88.3°  F. ;  1  specimen. 

Station  5602,  Gulf  of  Tomini,  Celebes  (lat.  0**  22'  N.;  long.  182** 
08'  80"  E.),  962  fathoms,  gray  mud;  2  specimens. 

Station  5606,  same  locality,  884  fathoms,  green  mud ;  1  specimen. 


Digitized  by  VjOOQIC 


484  BULLETIN  100,  UNITED  STATES   NATIONAL  MUSEUM. 

Station  5607,  same  locality,  761  fathoms,  fine  sand ;  2  specimens. 
Station  5608,  same  locality,  1,089  fathoms,  gray  mud,  bottom  tem- 
perature 36.3** ;  1  specimen. 

Genus  PHOLIDASTER  Sladen. 

PholidMter  Sladen,  1889,  p.  426.    Type,  Ph.  squamatus  Sladen,  first  spe- 
cies ;  Dot  designated.    (See  also  1885,  p.  616,  no  blnomlaL) 

PHOUDASTBR  SQUAMATUS  SfaidMi. 

Pholidaster  squamatus  Sladen,  1889,  p.  427,  pi.  67,  figs.  5  and  6;  pi.  68, 
figs.  5  and  6. 

Specimens  excmmed. — Sixty-two  from  the  following  stations : 

Station  5212,  east  of  Masbate  Island,  Philippines,  108  fathoms, 
gray  sand  and  mud;  bottom  temperature,  59.9°  F.;  35  specimens. 

Station  5214,  east  of  Masbate  Island,  218  fathoms,  green  mud ;  bot- 
tom temperature,  51.4°  F.;  1  specimen. 

Station  5391, between  Samar  and  Masbate,  118  fathoms;  1  specimen. 

Station  5392,  between  Samar  and  Masbate,  135  fathoms,  green  mud, 
sand;  13  specimens. 

Station  5393,  between  Samar  and  Masbate,  136  fathoms,  hard  sand ; 
12  specimens. 

Type. — ^In  the  British  Museum  (Natural  History). 

Type-locality. — Challenger  station  204,  off  Tablas  Island,  Philip- 
pine group  (lat.  12°  43'  N. ;  long.  122°  9'  E.)  100  fathoms,  green  mud. 

Distribution. — ^Known  from  the  central  part  of  the  Philippine 
group,  100  to  135  fathoms,  mud  and  hard  sand. 

Remarks. — These  specimens  are  from  near  the  type-locality  and 
agree  well  with  Sladen's  description  and  figures  cited  above.  There 
are  no  superambulacral  plates  in  this  species. 

Genus  BYTHIOLOPHUS  Fisher. 

Bythiolophus  Fisheb,  1916&,  p.  31.    Type,  B,  acanthinus  Fisher. 

Diagnosis. — In  general  structure  resembling  Zoroaster^  except  in 
the  presence  of  subambulacral  plates,  in  the  specialization  of  the  first 
superambulacral  plate  as  a  conspicuous  buttress  running  from  the 
body  wall  at  the  interradius  to  the  upper  end  of  the  2  first  ambulacral 
ossicles,  and  in  the  arrangement  of  the  abactinal  skeleton.  In  this 
the  adradial  series  is  more  prominent  than  the  carinal,  consisting  of 
alternately  larger  and  smaller,  transversely  elongated  plates,  the 
larger  of  which  overlie  the  lateral  third  of  the  carinals;  both  sorts 
strongly  overlap  the  upper  end  of  the  superomarginals.  Two  series 
of  marginal,  and  4  series  of  intermediate  plates.  Adambulacral 
plates  as  in  Zoroaster. 

Remarks. — In  Zoroaster  the  carinal  plates  are  always  larger  than 
the  adradial  plates.    The  latter  are  very  often  nearly  hidden  by  the 
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carinals  and  superomarginals  which  overlap  them.  In  the  present 
genus  just  the  reverse  is  the  case.  The  adradials  are  large  and  rest 
upon  tiie  superomarginals  and  carinals.  In  the  arrangement  of  the 
dorsal  skeleton  PJholidaater  and  Cnemddaster  are  in  essential  agree- 
ment with  Zoroaster. 


BrrmoLOPHus  ACANrmNus  i 
Plate  185,  figs.  1,  lo^;  plate  139,  figs.  1,  2. 
BythiolophuB  acanthiniis  Fisher,  1916&,  p.  81. 

Dioffnosia. — ^Rays  6.  R=105  mm.,  r=18  mm.  R=8  r;  breadth  of 
ray  at  base,  14  mm.  Rays  4-sided,  very  gradually  tapering ;  abactinal 
surface  of  ray  sunken  along  median  line  except  near  tip,  where  the 
surface  is  nearly  plane;  sides  forming  a  steep  bevel;  interbrachial 
arcs  angular;  radial  plates  sunken,  but  tumid,  with  a  short,  sharp 
appressed  spine;  adradial  plates  prominent,  forming  margin  of 
abactinal  surface,  larger  and  smaller  alternating,  the  larger  and  some 
of  the  smaller  with  a  central  spine  similar  to  the  carinal  spines;  6 
lateral  series  of  plates,  each  with  a  prominent  central  spine,  the 
third  and  fourth  from  top  the  longest;  prominent  adambulacral 
plates  with  transverse  series  of  4  pines,  and  about  8  spinelets  (on 
actinal  surface),  the  inner  with  1  to  several  pedicellariae. 

Description. — ^Disk  distorted,  but  apparently  9ubplaneabactinally, 
like  the  rays.  The  primary  plates  are  not  especially  prominent. 
Disk  plates  with  a  central,  diort,  sharp,  lanceolate  spinelet  1.6  mm. 
long,  borne  on  a  well-marked  boss  or  mamelon.  General  surface  of 
all  plates  of  disk  and  rays  covered  with  slender  sharp  membrane- 
invested  spinelets  about  1  mm.  long  and  spaced  one-third  to  one-half 
their  length.  On  the  disk  they  are  a  little  stouter  and  the  mem- 
brane a  little  thicker  than  on  the  rays.  Three  or  4  stout,  broadly 
lanceolate  pedicellariae  surrounding  each  papula  of  the  disk. 

Rays  4-sided,  the  side  walls  forming  a  steep  bevel  with  abruptly 
rounded  upper  and  lower  margins.  Carinal  plates  tumid,  broader 
than  long,  overlapped  by  either  adradial  series,  the  plates  of  which 
are  much  more  prominent  and  decidedly  broader  than  the  exposed 
portion  of  the  carinals  and  form  the  margin  of  a  shallow  sulcus,  at 
the  bottom  of  which  are  the  tumid  carinals.  These  adradial  plates 
are  much  broader  than  long  and  are  of  two  sorts,  larger  and  smaller 
alternating  (with  some  irregularities),  the  larger  being  roughly 
lozenge-shaped  or  elliptical,  the  smaller  irregularly  elliptical  and 
wedged  between  the  outer  half  or  two-thirds  of  a  couple  of  larger 
plates.  Opposite  the  inner  end  of  a  small  plate  is  a  large  papular 
pore,  there  being  thus  a  series  along  either  side  of  the  carinal  plates. 
Between  the  adradial  and  adambulacral  plates  are  6  regular  longi- 
18434— Bull.  100—19 82 
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tudinal  series,  the  plates  of  which  also  form  regular  vertical  series, 
which  correspond  fairly  regularly  to  the  adradial  plates.  The  2 
upper  series  represent  the  marginals,  which  are  larger  than  the 
plates  of  the  4  inferior  rows,  the  superomarginals  being  slightly 
smaller  than  the  smaller  adradial  plates,  and  the  inferomarginals  a 
trifle  smaller  than  the  superomarginals.  A  series  of  tiny  papulae 
is  present  between  the  adradial  and  superomarginal  plates,  another 
between  the  marginals,  a  third  below  the  marginals  (not  complete) 
and  a  fourth,  very  incomplete,  between  the  first  2  intermediate  rows. 
Each  carinal  and  adradial  plate  bears  a  sharp,  appressed,  lanceolate 
spine  similar  to  those  of  disk,  and  forming  8  series  along  the  dorsal 
surface  of  ray,  the  outer  series  being  on  the  margin  between  the 
dorsal  and  lateral  faces  of  the  ray.  On  the  distal  adradial  plates 
the  spinelets  are  arranged  in  2  transverse  series,  and  on  the  last  25 
in  a  single  series.  The  marginal  plates  bear  each  a  slender,  needle- 
like spine,  that  of  the  inferomarginals  being  proximally  one  and  a 
half  or  two  times  the  length  of  the  superomarginal  or  about  3  mm. 
This  spine  increases  in  length  to  about  5  mm.  along  the  middle 
third  of  the  ray,  then  decreases,  while  the  superomarginal  spine 
remains  1.5  to  2  mm.  long  until  near  the  end.  Each  of  the  interme- 
diate plates  bears  a  large  flattened,  slender,  sharp,  appressed  spine 
borne  on  a  prominent  boss  which  occupies  most  of  the  available  sur- 
face of  the  plate.  The  spines  are  arranged  thus  in  vertical  series  of 
4  proximally  and  8  distally;  the  upper  is  5  to  6.5  nmi.  long,  the 
next  subequal  or  a  little  shorter  (especially  distally) ;  the  third,  8.6 
to  4  mm.,  and  much  slenderer,  while  the  lowermost  is  about  8  mm., 
and  still  slenderer.  These  spines  which  are  in  line  with  the  margi- 
nal spines  form  a  dense  armature  all  along  the  side  of  the  ray.  Two 
or  8  short,  stout  pedicellariae  a  trifle  shorter  than  the  spinelets  guard' 
the  dorsal  papulae,  while  usually  1,  but  occasionally  2,  occur  close 
to  the  lateral  papidae  of  the  2  upper  series.  The  lower  row  of  these 
2  extends  only  a  short  distance  along  ray. 

Prominent  adambulacral  plates  have  a  single  series  of  8  slender 
spines  directed  into  the  furrow,  the  middle  the  longest;  on  the  actinal 
surface  are  1  or  2  spines  (similar  to  the  foregoing,  and  in  line  with 
them)  and  8  shorter  spinelets,  the  4  or  5  forming  2  transverse  series. 
The  innermost  furrow  spine  has  1  to  4  pedicellariae  at  the  tip,  the 
largest  about  one-half  to  three-fourths  the  length  of  the  spine.  Non- 
prominent  plates  with  4  spinelets  surrounding  a  subcentral  spine.  A 
spinelet  on  the  furrow  margin  carries  1  or  2  small  pedicellariae.  The 
inner  furrow  spine  of  the  first  4  or  5  plates  has  numerous  pedicellariae, 
while  those  on  the  mouth  plates  proper  have  upward  of  40.  These 
form  a  circle  surrounding  the  mouth,  the  clusters  touching  one  an- 
other.   Tube  feet  in  4  series  for  three-fourths  the  length  of  ray. 
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Madreporic  body  small,  convex,  very  inconspicuous.  There  are 
short  superambulacral  plates  passing  from  the  ambulacrals  to  the 
inferomarginals.  The  first  superambulacral  is  much  enlarged  and 
acts  as  a  stay  or  buttress  connecting  the  upper  swollen  end  of  the 
first  2  ambulacral  ossicles  with  the  body  wall  at  the  interradial  angle. 
Between  this  buttress  and  that  of  the  adjacent  ray  is  a  very  small 
membranous  interbrachial  septum.  At  the  base  of  the  ray  the  ambu- 
lacral ridge  bends  sharply  upward,  a  fact  which  renders  the  buttress 
rather  conspicuous. 

Ty/?^.— Cat.  No.  37011,  U.S.KM. 

Type-locaUty. — Station  6648,  Buton  Strait,  Celebes,  559  fathoms, 
green  mud,  bottom  temperature  89.2^  F. ;  1  specimen. 

Distribution. — ^Known  only  from  type-locality. 

Family  ASTERIIDAE  Gray  (emended). 

Genus  DISTOLASTERIAS  Perrier. 

Distolasteriaa  PERRnai,  1896,  p.  34.    Type,  Aaterias  (Stolasterias)  stichantha 
Sladen. 

DISTOLASTERIAS  EUFLECTA  1 


Ooscinasterias  (DUtolasteriaa)  euplecta  Fisheb,  1906,  p.  1105,  pi.  41,  figs. 
4,  4a-c;  pi.  42,  figs.  1-4. 

The  specimen,  which  measures  R,  155  mm.,  and  r,  9  mm.,  is  larger 
than  the  type,  with  relatively  smaller  disk.  The  adambulacral  spines 
are  a  trifle  more  attenuate  and  tapered  (with  compressed  tip)  at  the 
base  of  the  ray  than  are  those  of  the  type.  Distally  the  spines  are 
less  compressed  than  those  of  the  type,  most  of  them  being  practically 
terete.  One  or  2  actinal  intermediate  plates  on  each  ray  carry,  ab- 
normally, a  small  spine,  where  in  hypdcantJta  there  is  regularly  a 
spine. 

Type.—G9^t.  No.  21188,  U.S.N.M. 

Type-locdlity. — Station  3885,  Pailolo  Channel,  Hawaiian  Islands, 
136  to  148  fathoms,  sand  and  pebbles,  bottom  temperature  64.6°  F. 

Specimen  examined. — One  from  station  53tl,  northwest  of  Marin- 
duque  Island  (lat.  13°  49'  40"  1^. ;  long.  121°  40'  13"  E.) ,  83  fathoms. 

Distribution. — ^Hawaiian  Islands  and  Philippine  Islands,  The 
vertical  range  in  the  Hawaiian  Islands  is  63  to  182  fathoms. 

DIST0LASTEBIA8  HTPACANTHA   FUlier. 

Plate  141,  figs.  2,  3 ;  plate  151,  figs.  5,  5a. 
DUtolasterias  hypacantha  Fisheb,  1917&,  p.  92. 

Diagnosis.— HsLjs  5.  E=129  mm.,  r=a8  mm.,  E=16  r;  breadth 
of  ray  at  widest  part  near  base,  14  or  15  mm.  Resembling 
D.  mazophora  (Alcock)  and  D.  ewplecta  Fisher,  from  both  of  which 
it  differs  in  having,  on  the  proximal  half  of  the  ray,  a  series  of  small 
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spines  between  the  adambulacral  spines  and  the  inferomarginal 
spines  (of  which  there  are  2).  On  the  abactinal  surface,  between 
the  2  superomarginal  series,  are  8  series  of  spines  proximally,  and 
only  1  (the  carinal),  distally;  only  1  kind  of  major  pedicellariae 
present,  slender  and  lanceolate  in  form;  rays  pentagonal  in  section, 
the  width  of  the  lateral  face  proximally  being  about  two-thirds  that 
of  either  dorsal  face  (between  superomarginal  and  carinal  row  of 
spines)  while  distally  all  four  are  nearly  equal;  disk  very  small, 
sunken  below  the  dorsal  surface  of  rays;  rays  constricted  at  base. 

Description. — Plates  arranged  as  follows :  A  carinal  series,  and  on 
the  dorsolateral  angle  of  the  ray  a  superomarginal,  alternate  plates 
of  each  series  bearing  a  conical  sharp  spine;  nearly  midway  between 
the  two,  a  series  of  usually  8-lobed,  much  smaller,  adradial  plates, 
bearing  somewhat  irregularly  a  small  conical  spine  on  the  proximal 
half  of  ray,  and  extending  nearly  to  the  tip  of  ray.  Frequently 
they  are  so  arranged  that  the  alternate  plates  are  connected  with  the 
carinals  either  directly  by  a  dorsal  lobe  or  by  a  short  elliptical  inter- 
mediate ossicle,  while  the  other  plates  are  joined  to  the  superomar- 
ginals  by  a  longer  intermediate  ossicle.  Actinolateral  border  of 
ray  very  abrupt  and  formed  by  the  inf eromarginals,  each  bearing  2 
slightly  tapering  flattened  truncate  or  blunt  spines  in  an  oblique 
series,  the  outer  a  little  longer,  and  above  and  adorad  to  the  other. 
Extending  two-thirds  the  length  of  the  ray,  between  the  inferomar- 
ginals  and  adambulacrals  is  a  single  series  of  small  plates  which  are 
separated  one  from  another  by  a  papular  area  equal  to  their  own 
length  and  extending  two-thirds  the  length  of  the  ray.  For  a  third 
or  a  half  the  length  of  ray  (depending  upon  size  of  specimen)  each 
intermediate  plate  bears  a  small  acicular  spine  about  three-fourths 
the  length  of  the  outer  adambulacral  spine.  The  base  of  the  inner- 
most marginal  spine  is  spaced  from  the  outer  furrow  spine  about 
the  length  of  the  latter. 

The  abactinal  and  superomarginal  spines  are  surrounded  by  a 
basal  sheath  closely  crowded  with  small  forcipiform  pedicellariae, 
while  only  the  upper  side  of  the  upper  inferomarginal  spine  is  so 
provided — ^there  being  but  a  half  circle  of  pedicellariae.  These  pedi- 
cellariae are  about  0.85  mm.  long,  have  about  6  lateral  teeth  and  a 
broad  terminal  portion  armed  with  many  small  teeth.  There  is  but 
one  sort  of  major  pedicellariae — ^in  form,  slender,  lanceolate,  and 
pointed — scattered  rather  numerously  on  the  abactinal  and  actinal 
surface.  There  are  2  series  of  papular  areas  between  the  carinal 
and  each  superomarginal  series  of  plates,  each  with  about  10  to  15 
papulae;  an  intermarginal  series  on  each  side  with  5  to  8  papulae 
to  the  area;  and  an  actinal  series  alternating  with  the  actinal  inter- 


Digitized  by  VjOOQIC 


STABVISHBS  07  THE  PHILIPPINE  SEAS.  489 

mediate  spines  with  1  to  5  papulae  to  an  area  extending  about  half 
the  length  of  ray. 

The  integument  is  marked  by  fine  channels,  somewhat  irregular, 
extending  from  the  carinal  plates  to  the  inf eromarginals.  There  are 
usually  2  of  these  lines  between  the  superomarginal  spines. 

Adambulacral  spines  2,  slender,  flattened,  slightly  tapered,  and 
truncate.  The  inner  is  a  little  shorter  than  the  outer,  which  is  equal 
to  about  the  length  of  4  plates.  On  the  furrow  face  of  about  every 
other  plate,  or  sometimes  on  that  of  several  consecutive  plates,  is  a 
^air-sized,  pointedi  lanceolate,  forficiform,  pedunculate  pedicellaria. 

Each  mouth  plate  with  2  spines  at  the  inner  actinodtomial  end :  a 
short  one,  with  2  pedicellariae  at  the  base,  directed  across  mouth  of 
furrow,  and  the  second,  over  twice  as  long  and  much  heavier,  flat- 
tened and  truncate,  directed,  with  its  near  neighbor  of  the  other 
plate,  over  the  mouth.  At  the  outer  end  of  each  plate  an  upright, 
flattened,  sometimes  subspatulate  suboral  nearly  or  quite  as  long 
as  the  longer  apical  spines. 

Type.— Cat.  No.  37032,  U.S.N.M. 

Type-locality. — Station  6417,  between  Cebu  and  Bohol,  165  fath- 
oms, gray  mud  and  sand,  bottom  temperature  64.4^  F. ;  1  specimen. 

Distribution. — ^Enown  only  from  near  type-locality,  88  to  165 
fathoms. 

Specimens  examined. — ^In  addition  to  the  type,  1  from  station 
6415,  between  Cebu  and  Bohol  (near  type-locality),  88  fathoms,  fine 
sand,  bottom  temperature  62.4^  F. 

Remarks. — This  species  closely  resembles  D.  eustyla  (Sladen), 
which  is  known  only  from  the  vicinity  of  Tristan  da  Cunha.  Both 
species  have  a  single  series  of  actinal  intermediate  spines,  but  in 
eustyla^  judging  from  Sladen's  figure,  the  series  extends  practically 
to  the  tip  of  the  ray.  Sladen  mentions  these  as  a  third  inf  eromargi- 
nal  spine,  but  they  seem  to  belong  rather  to  actinal  intermediate 
plates.  In  hypacantJia  the  inferomarginal  spines  are  more  spaced 
from  the  adambulacral  spines,  the  major  pedicellariae  are  much  more 
numerous,  and  are  present  on  the  actinal  surface,  as  well  as  in  the 
furrow,  the  rays  are  longer.  D.  dubia  Clark,  from  Botany  Bay, 
has  shorter,  relatively  stouter  rays,  stouter  abactinal  skeleton,  larger 
major  pedicellariae,  broader  and  more  flattened  outer  inferomarginal 
spines,  deeply  furrowed  on  the  actinal  side.  D.  mazophora  (Alcock), 
D.  euplecta  Fiaher,  and  D.  mollis  Hutton  lack  the  actinal  intermedi- 
ate spines  of  hypacantha.  In  D.  euplecta  the  inferomarginal  spines 
are  closer  to  the  furrow  spines  than  in  hypacantha^  the  actinal  inter- 
mediate plates  being  smaller  and  more  tightly  wedged  between  the 
adambulacrals  and  inferomarginals. 
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Genus  TABSASTER  Sladen. 

TarBMter  Sladsn,  1889,  p.  439.    Type,  T.  stoiohodeM  Sladen. 

TABSA8TEB  DI8TICHOPU8  Fldier. 

Plate  141,  fig.  1 ;  plate  155  ,flgs.  8,  So^. 
Taraaater  distichopua  Fisheb,  1917&,  p.  92. 

Diagnosis. — ^Rays  5.  E=48  mm.,  r=5  mm.,  R=9.6  r ;  breadth  of 
ray  at  base  6.5  mm.  Disk  very  small,  convex;  rays  long,  slender, 
blimtly  pointed;  abactinal  surface  prominently  arched,  with  a  very 
slight  midradial  carinal  ridge;  actinal  surface  nearly  plane,  the  sides 
of  ray  as  defined  by  the  2  series  of  marginals,  nearly  perpendicular, 
but  doping  inward  toward  the  furrow,  slightly.  Differing  from 
Tarsaster  stoicJiodes  Sladen  in  having  1  adambulacral  spine,  1  spine 
on  the  midradial  plates,  prominent,  imguiculate  forficiform  pedicel- 
lariae  in  the  furrow,  and  biserial  tube  feet. 

Description. — Plates  arranged  as  follows:  a  carinal,  a  supero- 
marginal,  and  an  inferomarginal  regular  longitudinal  series  of 
4-lobed,  strongly  imbricating  plates,  the  transverse  lobes  nearly 
obsolete  on  the  inferomarginals,  which  are  contiguous  to  the  adam- 
bulacrals  (no  actinal  intermediate  plates  present).  Between  the 
carinal  series  and  the  superomarginals,  for  the  proximal  half  of  the 
ray,  there  are  2  not  very  regular  series  of  smaller  4-lobed  and 
3-lobed  plates,  which  on  the  distal  half  of  the  arm  are  reduced 
to  a  single  series.  These  plates  imbricate  directly  with  one  another 
in  a  longitudinal  direction,  as  in  the  case  of  the  carinals  and  margi* 
nals,  but  laterally  they  join  the  superomarginals  on  the  one  hand 
and  the  carinals  on  the  other  by  one  or,  sometimes  proximally,  by 
two  elliptical  secondary  ossicles,  as  shown,  perhaps,  better  in  the 
figure  than  by  description.  There  are  thus  proximally  3  dorsolateral 
series  of  papular  areas  and  distally  2,  containing  1  or  2  papulae, 
while  there  is,  in  addition,  on  each  side,  an  intermarginal  series  of 
smaller  areas  with  1  papula  to  an  area.  The  small  disk  is  composed 
chiefly  of  primary  apical  plates,  not  very  regularly  arranged,  with 
1  or  2  papulae  in  the  intervening  areas. 

The  carinal  plates,  the  dorsolaterals,  the  superomarginals,  and  the 
secondary  elliptical,  or  smaller  connecting,  plates  each  bear  a  short 
conical  spine  on  a  central  boss  of  the  plate,  those  of  the  dorsolaterals 
and  secondary  ossicles  being  one-half  to  two-thirds  the  size  of  the 
other  spines,  which  are  1.25  to  1.6  mm.  long.  The  inferomarginals 
(except  the  first  plate)  have  each  a  stouter  spine  2  mm.  long,  the 
series  standing  on  the  actinolateral  margin  of  the  ray.  Each  plate 
also  carries,  scattered  over  its  surface,  3  to  as  many  as  6  or  8  con- 
spicuous, ovoid  (as  seen  from  side)  forcipiform  pedicellariae,  usually 
about  0.45  mm.  long.    They  give  the  appearance  of  an  open,  rather 
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uniform,  granulation  to  the  half*dry  specimen.  There  are  usually 
1  or  2  of  these  pedicellariae  between  any  2  inferomarginal  spines. 
All  the  plates,  spines,  and  pedicellariae  are  covered  by  a  rather  thin, 
soft  skin,  which  hides  the  outlines  of  the  plates.  Between  the  infero- 
marginal and  adambulacral  spines  is  an  area  of  bare  membrane 
crossed  by  shallow  creases  or  furrows  opposite  the  interspaces  be- 
tween the  spinea 

Adambulacral  plates,  small,  wider  than  long,  slightly  constricted 
or  excavated  along  each  transverse  margin,  and  when  they  are 
cleaned,  a  distinct  notch  is  visible  on  the  furrow  margin.  On  the 
proximal  half  of  the  ray  there  are  10  plates  opposite  4.5  infero- 
marginals,  and  beyond  the  middle  of  the  ray  10  plates  correspond 
to  about  5  inferomarginals.  Each  plate  bears  a  single  lanceolatct 
obtusely  pointed,  slightly  flattened  spine  1.6  to  1.75  mm.  long  on  the 
furrow  margin  except  the  first  5  or  6  plates,  which  carry  each  a 
second  subequal  spine  on  the  outer  half  of  the  plate-  Irregularly 
scattered  along  the  furrow  are  5  to  8  unguiculate  pedicellariae,  with 
3  curved  tines.    (PI.  155,  fig.  36.) 

Wedged  in  between  the  interradial  pair  of  unarmed  inferomargi- 
nals and  the  mouth  plates  are  2  or  3  small  actinal  intermediate  plates, 
wholly  obscured  by  skin. 

The  oral  plates  are  narrow  and  form  a  projection  toward  the 
mouth,  impinging  upon  the  furrow  in  such  a  way  as  to  lessen  its 
diameter  at  its  junction  with  the  actinostome  about  one-half.  The 
plates  bear  each  3  stout,  tapering,  bluntly  pointed  spines,  one  on  the 
iictinostomial  face,  and  directed  toward  its  f eEow  of  the  opposite  side 
of  the  mouth  of  furrow,  while  the  other  2  are  more  robust  and  are 
on  the  actinal  face  of  the  plate.  Two  cat-claw  pedicellariae  are  on 
the  furrow  face  of  the  plates. 

Madreporic  body  small,  somewhat  prominent,  with  a  few  fine  radi- 
ating irregular  striae  and  coarse  intervening  ridges.  It  is  situated 
at  about  the  middle  of  r  and  has  7  conical  spines,  like  those  of  the 
rest  of  dorsum,  in  a  half  circle  on  its  adcentral  side.  Tube  feet  in 
2  series. 

Type.— C^t.  No.  87081,  U.S.N.M. 

Type-locality. --^tKtion  5664,  Macassar  Strait  (lat.  4**  48'  22"  S.; 
long.  US'"  53'  18"  E.) ,  400  fathoms,  hard  bottom,  bottom  temperature 
43.3  F. ;  1  specimen. 

Remarks. — ^The  known  species  most  nearly  related  to  the  one  here 
described  is  Tarsaster  stoicJiodes  Sladen,  taken  by  the  Challenger  at 
station  219,  off  D'Entrecasteaux  ^ef ,  north  of  the  Admiralty  Islands 
(lat.  1**  64'  S.;  long.  146^  39'  40"  E.),  in  150  fathoms,  on  coral  mud. 
There  is  some  doubt  as  to  the  generic  identity  of  the  present  species  on 
account  of  its  biserial  tube  feet.  The  specimen  is  small,  and  larger  in- 
dividuals may  have  the  feet  in  4  series,  just  as  happens  with  CoronaB- 
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ter  and  other  forms.  If  it  has  permanently  the  biserial  arrangement  it 
will  form  a  connecting  link  with  the  Pedicellasteridae,  which  have 
very  few  characters,  other  than  the  biserial  tube  feet,  that  can  not 
be  duplicated  among  the  Asteriidae.  The  type  of  Hydraateriots^  H. 
ophddion  Sladen,  is  figured  as  having  biserial  tube  feet,  however. 

Family  PEDICELLASTERIDAE  Perrier. 
Subfamily  Labidiasterinae  Verrill.  ^ 

In  Verriirs  scheme  of  classification  this  subfamily  is  placed  in 
the  Brisingidae,  following  the  usual  treatment  of  Ldbidiaster.  I 
would  suggest  however,  that  Ldbidiaster  has  few  essential  charac- 
ters in  common  with  the  Brisingidae,  but  rather  exhibits  greater 
structural  similarity  to  Caranaster.  This  genus  seems  to  be  more 
nearly  allied  to  Pedicellaster  than  to  either  Heliaater  or  to  any  of 
the  recently  proposed  genera  of  Asteriidae.  I  would  therefore  place 
Ldbidiaster  in  the  Pedicellasteridae.  I  have  dissected  a  large  example 
of  Ldbidiaster  radiosus  Lutken,  from  the  Straits  of  Magellan. 

Ldbidiaster  differs  from  Brisinga^  Odinia^  FreyellOy  and  similar 
genera  in  the  following  important  particulars:  (1)  Its  abactinal 
skeleton  is  not  duplicated  in  the  Brisingidae;  (2)  forficiform,  or 
straight,  pedicellariae  are  present;  (8)  the  adambulacral  plates  are 
crowded,  very  short  in  proportion  to  width,  and  entirely  unlike  in 
form  and  armature  the  same  highly  peculiar  plates  of  all  Brisingidae; 
(4)  the  ambulacralia  are  shorter,  especially  the  dorsal  ends,  which 
overlap,  or  imbricate  with,  the  next  adoral  ambulacra!  plate,  while 
in  the  Brisingidae  there  is  no  sign  of  imbrication,  the  ambulacralia 
resembling  the  centra  of  chordate  vertebrae,  with  vertical  articu- 
lating adoral  and  aboral  facets. 

In  the  Brisingidae  (in  the  narrower  sense)  the  abactinal  skeleton 
of  the  rays  is  variable,  being  in  the  form  of  transverse,  independent, 
parallel  ridges  or  costae,  separated  by  areas  of  integument  without 
plates ;  or  the  intervals  may  be  partially  or  completely  filled  in  with 
more  or  less  imperfectly  developed  plates  immersed  in  the  body-wall; 
or  the  arches  may  be  absent  and  a  tessellation  of  thin  plates  may 
cover  the  genital  region  of  the  ray ;  or  there  may  be  thin  plates,  more 
or  less  spiniferous,  together  with  differentiated  transverse  costae. 

In  Ldbidiaster  the  skeleton  of  the  ray  is  closely  similar  to  that  of 
Coronaster.  There  is  a  longitudinal  series  of  trilobate  inf eromai;ginaI 
plates,  one  of  quadrilobate  or  cruciform  superomarginal  plates,  and 
one  of  cruciform  median  radial  plates.  The  marginals  and  radials  form 
regular  transverse  series.  On  the  basal  portion  of  the  ray  there  is  a  more 
or  less  irregular  zigzag  series  of  trilobate  dorsolateral  plates.  The 
primary  plates  either  connect  directly  by  their  slender  lobes,  or  these 
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are  joined  by  one  or  two  overlapping,  oblong,  intermediate  ossicles. 
There  results  an  open,  fairly  regular,  reticulate  skeleton  having 
large  tetragonal  meshes  (except  where  the  dorsolateral  plates  frame 
pentagonal  openings).  On  the  outer  part  of  the  ray  the  longitiuUnal^ 
intermediate,  connecting  plates  and  the  longitudinally  oriented  lobes 
of  the  marginals  and  radials  gradually  disappear,  so  that  there  re- 
mains only  a  series  of  independent,  transverse,  slender  skeletal  bands, 
simulating  those  of  Brismga,  but  having  a  very  different  history.* 
The  skeletal  meshes  contain  numerous  papulae.  The  form  and  arma- 
ture of  the  adambulacral  plates  are  as  in  Caronaster.  The  arrange- 
ment of  the  pedicellariae  either  on  retractile  wreaths  surrounding 
the  spines  or  on  retractile  transverse  cushions  is  not  unlike  that  found 
in  Coronaster.  The  mouth  plates  of  the  Brisingidae,  of  Ooronaster^ 
PediceUasteTj  and  of  Lahidiaster  are  similar  in  general  form,  those 
of  LcMdiaster  being  relatively  the  smallest. 

The  features  which  are  chiefly  relied  upon  to  distinguish  the  Bri- 
singidae, and  to  which  the  family  in  part  owes  its  characteristic  ap- 
pearance, are  conspicuous  by  their  different  form  in  Labidiaster. 
Such,  in  the  Brisingidae,  are  the  elongate  and  peculiarly  formed 
adambulacral  plates;  the  long  needle-like  subambulacral  and  mar- 
ginal spines,  with  their  characteristic  sacculate  sheaths;  the  variable 
but  always  non-reticulate  abactinal  skeleton  of  the  rays;  the  presence 
of  only  crossed  or  f orcipif  orm  pedicellariae. 

The  genus  jRathJyimaster  (type,  BatKbimaster  caUfornicus^  from  off 
California,  deep  water)  was  described  by  me  as  a  neighbor  of  the 
curious  polybrachiate  Pycnopodia  of  Stimpson.  I  think  the  genus 
is  related,  instead,  to  Caronaster,  It  is  notable  for  the  suppression 
of  the  alternate  superomarginal  plates  and  the  reduction  of  the  abac- 
tinal skeleton  to  spaced  circular  plates  without  trace  of  connectives. 
The  marginal  and  abactinal  plates  bear  an  acicular  spine  surrounded 
by  a  retractile  sheath  with  an  expanded  distal  crown  covered  with 
numerous  pedicellariae.  The  ambulacral,  adambulacral,  and  oral 
plates  are  similar  to  those  of  Coronaster, 

In  Ldbidiaster^  Coronaster^  Bathbimaster^  and  certain  genera  of 
the  Brisingidae  there  are  two  gonads  to  each  ray;  each  gonad  opens 
upon  the  side  of  the  ray  at  some  distance  from  the  base.  All  three 
genera,  as  well  as  the  Brisingidae,  have  a  single  ampulla  to  each 
tube  foot. 

1  Verrill,  in  his  "  Monograph  of  the  ShaUow-water  Starflshes  of  the  North  Pacific  Coast," 
1914,  p.  862,  proposes  a  new  genus,  LabidaatreUa,  for  LabidAaater  armulatue,  Sladen.  "  Tt 
differs  considerably  in  structure  from  L.  roiNosiM,  especially  in  having  the  dorsal  and 
superomarginal  plates  nearly  abortive  distaily,  on  the  rays,  beyond  the  genital  regions." 
It  is  evident  that  this  tendency  to  lose  the  dorsal  skeleton  of  the  distal  part  of  the  ray 
manifests  itself  in  L,  radio9u»,  and  is  carried  further  in  L.  annulatus.  I  agree  with 
Koehler  that  it  does  not  form  a  safe  basis  for  a  generic  division  between  two  otherwise 
similar  species  (Koehler,  Ann.  de  Tinstitut  oc^anographique,  vol.  7,  fasc.  8,  May  1917. 
p.  8). 
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The  family  Pedicellasteridae,  if  these  views  are  correct,  would 
consist  of  the  subfamily  Pedicellasterinae  with  PediceUaster,  Lytaa- 
ter^  and  Gaatraater^  and  of  the  Labidiasterinae  with  LoMdiaster^ 
CarancLsteTy  and  Bathbunaster. 

Genns  CORONASTER  Perrier. 

CoronoMter  Peebixb,  Ann.  sd.  nat,  art  8,  1885,  p.  18.  Type,  C  parfaiH 
Perrier,  1894,  p.  02,  pi.  &— YEBanx*  1915,  p.  SL—Fisheb,  1917a,  p.  28. 

StolMteriaa  (subgenus)  part  Sladsn,  1889,  p.  584. 

HeterasteriM  Vebbill,  1914a,  p.  48.  Type,  Asteriaa  (Stolasterias)  volseU- 
lata  Sladen. 

The  generic  term  as  here  used  is  in  an  extended  sense,  including 
Sladen's  Asterias  voUeUata  and  hence  the  genus  Heteraaterias  Yer- 
rill,  founded  upon  that  species. 

Caronaster^  as  formerly  understood,  comprised  the  following  nomi- 
nal species:  C.  parfaiti  Perrier,  the  type,  from  the  Cape  Verde 
Islands ;  C.  omtonii  Perrier,  a  very  immature  specimen  from  Morocco; 
C.  hriareua  (Verrill),  from  off  the  southern  Atlantic  coast  of  the 
United  States;  C.  bispinosus  Ives,  locality  unknown,  perhaps  identi- 
cal with  hriarevs;  C.  ootaradiatiis  (Studer),  from  South  Georgia 
Island. 

I  have  compared  a  specimen  of  Coronaster  Mareus  from  90 
fathoms.  Gulf  stream,  south  of  Key  West,  with  the  examples  of  C. 
voUeUatus  {=  Asterias  volseUata)  listed  in  this  report  In  my  speci- 
men of  briareus  the  tube  feet  are  crowded  and  quadriserial,  or  ar- 
ranged in  what  one  might  prefer  to  call  two  crowded  zigzag  series, 
inasmuch  as  the  pores  remain  biserial,  or  nearly  so.  Professor 
Verrill  (1915,  p.  81),  in  the  most  recent  diagnosis  of  Coronaster ^ 
writes  that  the  tube  feet  are  biserial  (as,  indeed,  they  are  in  the 
small  type  and  in  small  specimens  of  briareus).  This  character  is 
determined  by  age.  Even  in  the  very  small  C.  antoniij  as  mentioned 
by  Perrier  (1894,  p.  96,  pi.  8,  fig.  2(?),  the  pedicels  are  incipiently 
quadriserial  on  a  part  of  the  ray.  In  full-sized  specimens  of  O, 
volsellatus  the  tube  feet  are  quadriserial,  or  biserial  at  the  tip  and 
base  and  quadriserial  throughout  the  greater  part  of  the  ray.  In 
small  regenerating  rays  of  volsellatus  the  pedicels  are  biserial,  and 
these  small  rays  correspond  exactly  to  the  rays  of  immature  speci- 
mens of  other  species. 

Furthermore,  the  highly  characteristic  skeleton  of  volsellatus  is 
nearly  exactly  duplicated,  with  minor  specific  differences,  by  that  of 
briareus.  This  skeleton,  which  holds  good  also  for  G.  parfaiti  and  O. 
antonii,  as  figured  by  Perrier  (1894,  pi.  8),  consists  of  slender-lobed 
plates,  joined  by  more  or  less  elongate  connecting  ossicles  in  such  a 
way  as  to  form  a  median  radial,  and  two  marginal  regular  longitu- 
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dinal  series,  joined  together  at  the  intervals  of  the  primary  plates  by 
transverse  ossicles,  leaving  four  series  of  large,  rectangular  papular 
areas.  At  each  node  of  this  skeletal  mesh  is  a  sharp  spine  with  a 
retractile  wreath  of  abundant  pedicellariae.  The  inferomarginal 
plates  abut  closely  against  the  adambulacrals.  Both  species  have  the 
curious  hand-shaped  unguiculate  major  pedicellariae  of  conspicuous 
size,  characteristic  of  the  genus  very  probably. 

Perrier  (1894,  pi.  8)  has  given  carefully  drawn  figures  of  G. 
parfaiti  and  C.  antonii.  The  skeleton  is  the  same  as  that  of  briareita 
and  of  voUellatus.  It  seems  reasonable,  on  account  of  the  small  size 
of  Perrier's  specimens,  to  consider  them  inmiature.  They  match 
very  well  the  immature  regenerating  rays  of  volseUatus^  which,  as 
noted  above,  also  have  the  pedicels  biserially  arranged. 

Caronaster  volsellatus  has  one  adambulacral  spine,  the  other  species 
generally  2.  In  C.  parfaiti  there  are  3  spines  on  the  first  6  plates 
and  2  on  the  others.  C.  antonii  has  the  spines  ^'  solitary  on  the  major- 
ity of  the  plates,  but  in  pairs  on  certain  others  among  them."  I  do 
not  think  the  monacanthid  condition  of  volseUatus  of  sufficient  impor- 
tance to  warrant  a  generic  separation.  The  new  Philippine  and 
Moluccan  species,  C,  JidLicepua  is  diplacanthid  and  is  apparently  a 
close  relative  of  voUellatus. 

CoTonaster  is  therefore  represented  in  the  East  Indies  by  2  species, 
and  in  the  Atlantic  by  5  nominal  forms. 

The  family  affiliations  of  Coronaater  are  somewhat  involved.  Its 
only  strong  Asteriid  character  is  the  quadriserial  arrangement  of  the 
tube  feet.  Yet  the  ambulacral  plates  are  not  crowded,  the  pedicel 
pores  being  nearly  or  quite  biserial  as  in  the  Brisingidae,  to  which 
family  its  strongly  brisingoid  mouth  plates,  as  prominent  as  those  of 
Odinia^  would  also  ally  it.  Its  skeleton  is  more  like  that  of  a 
simplified  Pedicellaater  than  like  that  of  Asterias,  or  allied  genera. 
PediceUaater  has  mouth  plates  of  the  same  sort  as  Coronaster. 
They  are  more  prominently  "  Jtdambulacral "  than  those  of  any 
genus  of  the  Asteriidae,  even  of  Coscinasterias^  and  are  nearly  or 
quite  as  prominent,  relatively,  as  the  oral  angles  in  Brisinga.  So 
also  in  Pedicellaster  the  ambulacral  plates  are  uncrowded,  as  in 
Coronaster^  rather  brisingoid,  and  the  pedicel  pores  are  in  2  series. 
As  noted  above  the  pedicel  pores  in  large  specimens  of  Coronaster 
form  2  slightly  zigzag  rows,  but  much  less  pronounced  than  in  small 
specimens  of  Coscinasterias  (in  the  broadest  sense),  in  which  group 
the  ambulacrals  are  quite  compressed  and  crowded. 

On  the  whole  the  relationship  of  Coronaster  does  not  appear  to  be 
so  close  to  the  Asteriidae  as  to  the  Pedicellasteridae,  even  though  one 
of  its  species  long  occupied  an  undisputed  comer  in  the  former 
family. 
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KBT  TO  THB  8PBCIB8  OF  COBONABTBB  BBBBIN  DBBCBIBBD. 

a^  Bays  11 ;  1  adambulacral  spine ;  adambulacral  farrow  pedicellariae  slender* 
the  tips  of  Jaws  not  conspicaously  Croeaed ;  abactinal  forclpiform  pedicel* 
larlae  with  5  or  6  lateral  teeth  in  one  row;  the  large  major  ungalculate 
pedicellariae  with  proximal  half  abruptly  narrowed voUeUatuSt  p.  496. 

a'  Rays  10;  2  adambulacral  spines;  adambulacral  furrow  pedicellariae  fairly 
stout,  the  tips  of  Jaws  conspicuously  crossed ;  abactinal  forclpiform  pedicel- 
lariae with  12  or  more  lateral  teeth  in  2  series  prozimally;  proximal  third 
of  major  ungalculate  pedicellariae  narrowed halicepus,  p.  497. 

GOBONASTEB  VOLSELLATUS  (SiMtai). 

Plate  185,  figs.  4,  4a;  plate  161,  figs.  2,  2ar-c, 

Aaterias  (Stolasteriiu)  ix>UeUata  Sladen,  1889,  p.  584,  pi.  107,  figs.  1-4. 
HeterasterUia  voUellata  Vebsill,  1914a,  pp.  27,  47. 
CorotKUter  voUellatus  Fishks,  1917a,  p.  25. 

This  species  has  been  fully  described  and  figured  by  Sladen  in  the 
CTtaUenger  report.  The  specimens  collected  by  the  Albatross  agree 
in  all  essential  particulars  with  the  type.  I  have  figured  the  pedicel- 
lariae as  they  differ  from  those  of  halicepus^  described  below.  The 
small  pedicellariae  arming  the  sheaths  of  the  abactinal  and  marginal 
spines  are  smaller  than  those  of  haUcepus^  averaging  about  0.45  mm. 
in  length.  In  addition  to  2  terminal  teeth  each  jaw  has  usually  5 
small  teeth  in  a  single  series  along  the  inner  side.  The  forficiform 
pedicellariae  from  the  ambulacral  furrow  are  about  1.25  mm.  long, 
and  are  quite  slender,  the  tips  of  the  jaws  not  crossing  conspicuously. 
Similar  but  smaller  pedicellariae  occur  scattered  over  the  integument 
among  the  papulae,  and  on  the  trabecular  ridges  of  the  skeleton.  The 
unguiculate  major  pedicellariae  are  longer  than  those  of  hdHeepus^ 
and  are  narrowed  into  a  longer  proximal  portion,  forming  a  sort  of 
wrist  to  the  miniature  hand. 

Type. — In  the  British  Museum  (Natural  History). 

Type-locality. — Near  Cebu,  Philippine  Islands,  95  fathoms. 

Distribution. — Philippine  Islands,  95  to  165  fathoms,  on  sand. 

Specimens  examined. — Four,  from  the  following  Philippine  sta- 
tions : 

Section  5226,  9.5  miles  southwest  Corregidor  Light,  Luzon,  no 
depth  or  bottom  recorded ;  1  specimen. 

Station  5391,  between  Samar  and  Masbate,  118  fathoms;  1  speci- 
men. 

Station  5393,  between  Samar  and  Masbate,  136  fathoms,  hard 
sand,  1  specimen. 

Station  5417,  between  Cebu  and  Bohol,  165  fathoms,  gray  mud, 
sand,  bottom  temperature  54.4°  F. ;  1  specimen,  incomplete. 

Remarks. — ^The  stomach  of  a  specimen  from  station  5391  contained 
portions  of  several  small  shrimps  and  a  small  fish.    The  very  nu- 
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merous  pedicellariae  are  capable  of  holding  fairly  active  animals  and 
are  probably  used  to  capture  prey.  The  loose  skeleton  renders  the 
rays  very  flexible,  so  that  any  crustaeans  or  fish  held  fast  by  the 
pedicellariae  could  be  readily  reached  by  the  tube  feet  and  conveyed 
to  the  mouth. 

COBONABTBB  HAUCBPU8  Fbhcr. 

Plate  185,  figs.  5,  5* ;  plate  140 ;  plate  151,  figs.  1,  lor-d, 
Coronaater  hcaicepua  Fisher,  1917a»  p.  26. 

Diagnosis. — In  general  appearance  closely  resembling  G.  voUella- 
ius^  but  differing  in  having  10  rays,  2  adambulacral  spines,  relatively 
broader  and  shorter  unguiculate  pedicellariae,  with  longer  claws, 
heavier  ambulacral  pedicellariae,  with  the  jaws  conspicuously  crossed 
at  tips,  and  longer  forcipiform  miner  pedicellariae,  each  jaw  with 
upward  of  12  or  even  more  small  teeth  in  addition  to  the  large  ter- 
minal teeth  (5  or  6  in  volseUatvs) .  R=260  mm.,  r=17  mm.,  R= 
15+r;  breadth  of  ray  at  base,  11  mm.;  at  25  mm.  from  base,  14  or 
15  mm. ;  height  of  disk,  10  mm. ;  breadth  of  disk,  84  mm. ;  breadth 
of  actinostome,  20  mm. 

Description. — Skeleton  similar  to  that  of  volsellatusj  there  being 
abactinaUy  8  lines  of  ossicles  extending  the  length  of  the  ray  (the 
carinal  and  superomarginal),  and  adjacent  to  the  adambulacrals  an 
inf eromarginal  series.  Equally  narrow  transverse  bands  of  plates 
divide  the  integument  into  quadrate  papular  areas  of  large  size,  the 
intermarginal  areas  being  regular,  wider  than  long  proximally,  and 
longer  than  wide  distally.  The  areas  between  the  carinal  and  supero- 
marginal plates  are  longer  than  the  foregoing,  and  irregular  as  to  the 
transverse  trabeculae.  The  cruciform  primary  plates  at  each  node 
are  connected  by  1  or  2  intermediate  oblong  ossicles  and  bear  a  single 
slender  acicular  spine,  the  inf  eromarginal  the  longest,  equaling  prox- 
imally the  distance  between  the  base  of  the  inf  eromarginal  and  corre- 
sponding superomarginal  spines  (7  mm).  The  superomarginal 
spines  are  one-half  to  two-thirds  as  long,  and  the  carinal  spines  are 
subequal  to  the  superomarginal,  though  a  trifle  more  robust.  In 
large  specimens  2  or  3  small  spines  stand  on  the  transverse  irregular 
trabecula  between  the  superomarginal  and  carinal  plates. 

Each  spine  is  surrounded  by  a  heavy,  retractile,  globular  sheath 
covered  with  small  forcipiform  pedicellariae,  about  0.5  to  0.6  mm. 
long,  whose  jaws  have  3  terminal  teeth  and  a  double  row  of  upward 
of  12  small  teeth,  while  similar  pedicellariae  in  volsellatus  have  2 
terminal  and  about  5  lateral  teeth.  The  difference  is  best  seen  from 
the  figures^  The  trabeculae  and  papular  areas  have  numerous  large 
6-clawed  unguiculate  pedicellariae  about  1.5  mm.  long.  These  are 
much  more  numerous  than  in  volseUatus  and  are  shorter  and  broader. 
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In  addition,  there  are  numerous  small  forficiform  pedicellariae  scat- 
tered among  the  papulae.  The  papulae  occur  in  tufts  or  clumps, 
about  6  or  7  to  each  area. 

Adambulacral  plates  small  and  bandlike,  separated  by  an  interrtil 
slightly  in  excess  of  their  length.  Spines,  2,  slender,  slightly  tapered, 
blunt,  situated  on  the  furrow  margin  in  an  oblique  series,  the  inner 
being  aboral  to  the  outer  and  about  twq^thirds  to  three-fourths  as 
long;  the  latter  is  one-half  to  three-fifths  as  long  as  the  inferomargi- 
nal  spine.  About  every  other  plate  has  on  the  furrow  face  1  or  2 
forficiform  pedicellariae  about  1  to  1.26  mm.  long.  These  extend 
between  the  tube  feet,  and  are  at  the  end  of  a  thick,  apparently  highly 
extensible  stalk  or  peduncle,  around  the  base  of  which  are  1  to  several 
very  small  pedicellariae.  These  pedicellariae  have  the  ends  of  the 
jaws  crossed  and  are  broader  than  in  volaeUatus^  where  the  jaw  tips 
fit  together  snugly.  In  the  small  regenerating  rays  of  a  specimen 
from  station  5217  (the  tube  feet  being  2-ranked)  the  adambulacral 
plates  have  2  truncate,  slightly  tapered,  subequal  spines. 

Mouth  plates  resembling  those  of  the  Brisingidae,  excavated  on  the 
furrow  margin  for  the  first  tube  foot.  On  the  middle  of  the  actinal 
surface  of  each  plate  is  a  robust,  flattened,  truncate  spine  about  as 
long  as  the  median  suture.  On  the  actinostomial  margin  are  2  simi- 
lar shorter  spines,  1  directed  across  mouth  of  furrow,  the  other  mid- 
way to  the  median  suture.  From  the  base  of  the  latter  is  a  short 
flap  of  membrane,  and  from  the  former  are  2  long,  slender  sacculi 
crowded  with  very  numerous  small  pedicellariae.  Two  large  pedun- 
culate, unguiculate  pedicellariae  (similar  to  those  of  the  abactinal 
surface)  extend  over  the  actinostome  from  between  the  inner  mar- 
ginal spines  of  each  mouth-pair.  Numerous  small  forficiform  pedi- 
cellariae with  short,  thick  pedicels  are  scattered  over  the  surface  of 
the  plates,  and  sometimes  1  or  2  major  unguiculate  pedicellariae  in 
addition.  In  volseUata  there  are  the  same  number  of  spines,  but  the 
marginal  spines  lack  the  streamers  of  pedicellariae.  The  unguicu- 
late pedicellariae  are  present,  but  very  few  small  pedicellariae  on  the 
surface  of  the  plate.  In  the  type  the  first  10  pairs  of  tube  feet  are 
obviously  2-ranked ;  then  they  become  crowded  and  4-ranked,  return- 
ing to  2  series  on  the  outer  attenuate  part  of  the  ray.  A  smaller 
specimen  from  station  5217  has  the  feet  less  obviously  4-ranked.  It 
is  wholly  a  matter  of  age. 

In  halicepua  the  disk  has  more  numerous  spines— about  30 — and 
more  numerous  unguiculate  pedicellariae.  The  madreporic  body  is 
slightly  larger. 

Type.—C2Lt.  No.  37012,  U.S.N.M. 

Type-locality. — Station  5281,  between  Lubang  and  Luzon,  201 
fathoms,  dark  gray  sand,  bottom  temperature  50.4®  F. ;  1  specimen. 
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Z)i»^n5w^«m.— Philippine  and  Molucca  Islands,  105  to  298  fathoms, 
on  sand. 

Specimens  examdned. — ^In  addition  to  the  type,  1  specimen,  and 
fragments  from  the  following  stations : 

Station  5217,  between  Burias  and  Luzon,  105  fathoms,  coarse  gray 
sand,  1  specimen. 

Station  5417,  between  Oebu  and  Bohol,  165  fathoms,  gray  mud, 
sand,  bottom  temperature  54.4°  F. ;  4  rays. 

Station  5621,  Molucca  Islands,  off  Molucca  Passage,  298  fathoms, 
gray  and  black  sand;  4  rays. 

Subfamfly  Pedicellasterinae  Fisher.^ 

Genus  PEDICELLASTER  Sars. 

PediceUaater  Sabs,  Overslgt  af  Norges  Echinodermer,  1861,  ik  77.    Type, 
P.  typicu8  Sars. 

PEDICELLASTER  CHDIOPHORUS  Flah«r. 

Plate  142,  fig.  2;  plate  155,  figs.  2,  2cHb. 

Pedicellaster  chirophorus  1917&,  p.  98. 

Diagnosis. — ^Rays  5.  R=27  mm.,  r=4  mm.,  R=7  r± ;  breadth  of 
ray  at  base,  4.5  mm.  Bays  slender,  tapering,  disk  small;  plates  cruci- 
form, in  regular  series,  each  bearing  a  short  thorny  spinelet  and  1  to 
8  ovoid  forcipiform  pedicellariae.  Adambulacral  armature:  a  trans- 
Terse  row  of  3,  then  ^  spinelets  2  to  8  times  longer  than  those  of  the 
adjacent  -actinal  and  marginal  plates,  and  here  and  there  along  the 
ray  a  large  unguiculate  pedicellaria  usually  borne  on  or  near  the 
furrow  margin ;  5  oral  spinelets. 

Description. — ^Plates  of  ray  4-lobed  or  8-lobed  and  arranged  in 
longitudinal  and  less  regular  transverse  series.  There  is  a  midradial 
or  carinal  series,  a  superomarginal,  inferomarginal,  and  2  actinal 
intermediate  series.  Between  the  carinal  and  superomarginal  series, 
which  are  regular,  is  a  zigzag  series  of  dorsolateral  plates,  or  what 
might  equally  well  be  considered  2  series  of  3-lobed  plates  alternating 
in  position,  with  reference  to  the  plates  of  the  neighboring  series. 
At  the  base  of  the  ray  an  elliptical  secondary  plate  is  interpolated 
(usually)  between  the  alternate  adradial  plates  and  the  carinals 
and  between  the  other  dorsolaterals  and  the  superomarginals.  A 
Eomilar  plate  connects  the  proximal  superomarginals  with  the  corre- 
sponding inf  eromarginals.  On  the  disk  there  are  2  or  8  plates  of  a 
third  actinal  intermediate  series  adjacent  to  the  adambulacral  plates. 
The  first  intermediate  series  reaches  about  half  the  length  of  ray, 
the  second  a  little  less  than  one-third.  The  inferomarginals  are 
therefore  contiguous  to  the  adambulacrals  on  the  outer  half  of  the 

1  Fisher,  1018,  p.  108. 
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ray.  The  plates  each  bear  a  short,  somewhat  four-sided,  only 
slightly  tapered,  spinelet,  superficially  truncate,  but  really  terminat- 
ing in  3  or  4  minute  sharp  prongs,  with  sometimes  accessory  points 
below  them.  These  spinelets  are  0.4  to  0.6  mm.  in  length  and  0.15 
to  0.18  mm.  thick  just  above  the  base.  These  spinelets  are  borne  on 
a  slight  rounded  eminence  at  the  middle  of  the  plate.  A  few  abacti- 
nal  plates  have  a  smaller  accessory  spinule  on  one  of  the  lobes. 
Each  plate  bears  also  1  to  4  forcipiform,  ovoid  pedicellariae,  usually 
on  the  margin  of  the  papular  areas,  and  about  0.86  to  0.38  mm.  in 
length.  These  have  the  appearance  in  the  dry  specimen  of  being 
pretty  uniformly  scattered  over  the  surface  of  the  body. 

There  are  8  longitudinal  rows  of  somewhat  quadrate  papular  areas, 
which  usually  contain  a  single  papula.  In  addition  between  the 
first  and  second  actinal  intermediate  series  of  plates  is  a  very  short 
series  of  narrow  subtriangular  papular  areas. 

The  terminal  plate  is  large  and  subcircular  except  on  the  side 
toward  the  ray,  where  there  is  an  obtuse  angular  notch  or  indentation. 
The  plate  is  covered  with  spinelets  2  or  3  times  as  long  as  those  of  the 
adjacent  abactinal  and  marginal  plates. 

Adambulacral  armature,  a  regular  transverse  series  of  3  slender, 
tapering  pointed,  slightly  thorny  spinlets,  the  median  a  trifle  the 
largest,  borne  on  a  moderately  developed  ridge  of  the  plate.  On  the 
outer  two-thirds  of  the  ray  there  are  only  2  such  spines.  About  6  or  8 
plates  along  either  side  of  each  furrow,  and  irregularly  spaced,  bear 
on  the  inner  edge,  near  the  furrow  spine,  a  relatively  huge  unguicu- 
late  forficiform  pedicellaria,  with  usually  three  curved  claws  or 
teeth.  These  are  1  to  1.2  mm.  long  and  resemble  2  minute  clasped 
hands  (with  3  short  fingers).  On  2  rays  there  is  a  large  pedicellaria 
on  the  outer  side  of  the  third  plate.  Most  of  the  adambulacral  plates 
have  also  an  ordinary  forcipiform  pedicellaria  just  external  to  the 
outermost  spine. 

Mouth  plates  fairly  prominent  and  with  a  prominent  median 
suture.  ThfB  form  of  the  combined  pair  is  a  truncated  oval,  the  sub- 
oral  surface  being  narrower  toward  the  inner  than  at  the  outer  end. 
Armature :  a  single  series  of  tapered  spinules,  there  being  usually  3 
larger  ones  on  the  actinal  surface  and  2  conspicuously  smaller  ones, 
one  above  the  other,  on  the  actinostomial  face  of  the  plate.  One  plate 
has  a  large  cat-claw  pedicellaria  on  the  outer,  furrow  comer. 

Tube  feet  strictly  biserial.  Madreporic  body  flat,  with  radiating 
coarse  striae.    It  is  situated  about  midway  along  the  minor  radius. 

Type.— Cdit.  No.  87030,  U.S.N.M. 

Type-locaUty.—^tsAion  6666,  Gulf  of  Boni,  Celebes  (lat.  3^  17' 
40^'  S.;  long.  120°  86'  46''  E.),  484  fathoms,  gray  mud,  bottom  tem- 
perature 41.2®  F. ;  1  specimen. 
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Remarks. — ^This  species  differs  from  all  others  of  the  genus  in 
having  relatively  enormous  unguiculate  adambulacral  pedicellariae 
in  combination  with  proximally  8  adambulacral  spines.  PediceUaster 
atratua  Alcock,  from  the  Andaman  Sea  and  Bay  of  Bengal,  220  to  290 
fathoms,  is  of  very  large  size  for  this  genus,  has  2  adambulacral 
spines  only,  and  lacks  the  large  cat-claw  pedicellariae.  Its  color  is 
described  as  uniform  jet-black. 

PBDICBLLA8TEB,  ip«clM. 

There  is  a  mutilated  specimen  of  a  PedioeUaster  differing  from  the 
preceding  in  having  2  adambulacral  spines  throughout  the  ray,  in 
lacking  large  forficiform  cat-claw  pedicellariae,  in  having  rather 
fewer  minor  pedicellariae  (which,  however,  are  closely  similar  to 
those  of  cMrophorus).  The  spinelets  are  enveloped  in  a  very  evident 
sacculus. 

Station  5630,  south  of  Patiente  Strait  (lat.  0°  56'  30"  S. ;  long.  128° 
05'  E.),  569  fathoms,  coral  sand,  mud. 

Family  BRISINGIDAE  G.  0.  Sars. 

StNOPSIS  OF  THB  KNOWN  OBNEBA  OF  BRISINGIDAE.* 

a\  Abactinal  surface  of  disk  and  genital  region  of  ray  provided  with  numerous 
conspicuous  papulae ;  2  gonads  to  each  ray ;  mouth  plates  broad  and  fan- 
shaped  toward  the  actinostome,  nearly  closing  the  entrance  to  the  ambu- 
lacral  furrow;  genital  region  of  ray  with  transverse  skeletal  arches,  be- 
tween which  the  integument  is  strengthened  by  Inmiersed  plates  and 
pierced  by  papular  pores;  ray  with  regularly  spaced,  lateral,  transverse 
combs  of  upward  of  7  conspicuous,  slender  spines;  adambulacral  plates 
higher  than  long,  with  a  single,  prominent  subambulacral  spine,  frequently 
truncate  and  more  or  less  spatulate  proximally;  first  3  to  5  pairs  of 
adambulacral  plates  united  in  each  interradlus,  and  above  them  the 
marginal  plates  are  similarly  united;  a  syzygy  between  first  and  second 
adambulacral  plates,  and  also  sometimes  a  partial  syzygy  between  the 
second  and  third  and  between  the  third  and  fourth  plates.  Genotype, 
Briiinga  semicoronata  Perrier Odinia  Perrier. 

tt*.  A  single  circle  of  rather  small  papulae  near  margin  of  disk,  2  papulae  cor- 
responding to  each  ray ;  rays,  as  in  Brisinga,  without  papulae.  First  and 
second  adambulacral  plates  united  by  a  syzygy  (nonmuscular  symphysis) 
and  upper  part  of  second  and  third  ambulacral  plates  united  by  syzygy ; 
gonads  numerous,  in  series;  first  pair  of  adambulacral  plates  in  each 
interbrachium  closely  united  (as  in  figs.  2  and  2a;  pi.  156).  Genotype, 
Brisinga  mimioa  Fisher Briaingenes  Fisher. 

1*.  No  papulae  present  either  on  disk  or  on  rays. 
b^  No  visible  abactinal  skeleton  on  rays  but  embryonic  plates  may  be  con- 
cealed in  the  thin  integument ;  gonads  unknown. 
0^.  Minute  embryonic  lattice-plates  are  present  in  abactinal  integument  of 
rays;  functional  skeleton  of  ray  reduced  to  ambulacral  and  adam- 

^  For  LoMdioBter,  see  under  Pedicellasteridae. 
13434— BuU.  100—19 83 
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bnlacral  plates;  disk  finely  spinolate,  a  few  splnelets  extending  upon 
ray;  interbrachial  skeleton  resembling  tbat  of  BrMngeUa,  but  the 
first  marginals  unequal  In  size ;  first  adambulacral  plates  entirely  sep- 
arated;  adambulacral  armature  very  simple.     Genotsrpe,   Hymeno- 

di8cu8  agnsHzi  Perrier Bymenodiscus  Perrier.* 

c*  Rays  composed  of  ambulacral  and  adambulacral  plates  and  an  abactinal 
Integument  devoid  of  skeleton,  but  covered  with  numerous,  relatively 
large  pedicellariae  arranged  in  transverse  bands.    Disk  not  known. 

Genotype,  Opmnohrisinga  aarsU  Studer Oymnobriainga  Studer. 

h\  Abactinal  skeleton  present  on  disk,  and  on  proximal  portion  of  rays  at 
least,  either  in  the  form  of  transverse  independent  skeletal  arches  or 
as  a  continuous  covering  of  thin  plates,  or  both  arches  and  Intervening 
thin  plates, 
c^.  Disk  plates  large,  with  a  comparatively  few,  fairly  large,  disk  spines, 
and  a  vertical  series  of  about  4  conspicuous,  lateral  spines  to  each 
successive  skeletal  arch  of  the  rays,  these  lateral  combs  occurring  at 
regular  Intervals  all  along  side  of  ray;  mouth  plates  expanded  fan- 
wise  toward  actinostome,  nearly  closing  entrance  to  ambulacral  fur- 
row; subambulacral  spine  with  a  modified  truncate  tip;  first  pair  of 
adambulacral   plates   of   each   interbrachial   angle   united,   but   the 
united  pair  of  conspicuous  first  marginal  plates  is  Interpolated  from 
above  between  their  distal  ends;   syzygy-  (?);  related  to   Odinia. 

Genotype,  Brisingaater  robillardi  de  Loriol BriHngaater  de  LorloL 

c*.  Disk  plates  small,  bearing  1  to  several  small  spinelets;  on  the  ray 

only  1  lateral  or  marginal  spine  corresponding  to  the  variably  spaced 

Inferomarginal  plates;  never  a  vertical  comb  of  conspicuous  lateral 

spines. 

(T  First  and  second  adambulacral  plates  as  well  as  the  upper  part  of  the 

second  and  third  ambulacral  plates  united  by  syzygy  (nonmuscular 

symphysis). 


^For  description  see  Perrier,  1884,  p.  189,  pis.  1  and  2.  The  type  of  Hymenodiaous 
agMHzi  (No.  1448,  Museum  Comparative  Zo51o{?y)  is  almost  certainly  a  very  immature 
specimen,  as  it  is  small,  and  there  are  no  gonads.  There  are  no  skeletal  arches  on  the 
rays  and  the  greater  part  of  the  thin  abactinal  Integument  has  been  removed.  The  fine 
spinnlatlon  of  the  disk  extends  npon  the  base  of  the  ray.  The  abactinal  integument  of 
the  ray,  although  very  delicate,  contains  a  single  layer  of  latticework  holothuroid  plates, 
some  of  which  at  the  very  base  of  the  ray  bear  minute  spinelets.  From  this  it  would 
seem  that  the  abactinal  wall  of  the  ray  is  destined  to  be  similar  to  that  of  FreyeUa, 
unless  in  the  fuUy  adult  animals  the  plates  retain  their  embryonic  character. 

The  interbrachium  resembles  that  of  Brisingellaj  but  differs  in  having  the  first  mar- 
ginals (those  which  bound  the  apex  of  the  interbrachial  angle)  unequal  in  size.  (See 
Fisher  1918,  p.  104,  figs.  1  and  2.)  In  Brisingella  these  plates  are  equal,  and  the  suture 
between  the  interradial  ends  is  on  a  line  with  the  interradial,  or  median  oral,  suture. 
There  is  a  distinct  syzygy  between  the  first  and  second  adambulacral  plates.  The  inter- 
brachia  are  not  so  open  as  in  BriHngeUa,  as  the  inner  ends  of  the  first  adambulacral  plates 
are  normally  in  contact,  or  very  nearly  so.  In  an  adult  specimen  we  would  expect  to 
find  these  plates  still  closer  together.  It  is  worth  noting  that  in  Freyellasier  and  in 
Brieinga,  s.  s.,  the  first  marginal  plates  are  of  unequal  size.  (See  pi.  156,  figs.  1  and  la.) 
Tet  in  its  present  Juvenile  form  the  interbrachial  angle  is  different  from  that  of  either 
Freyellaater  or  BrMnga,  while  the  entire  absence  of  costal  arches,  as  well  as  of  gonads, 
may  reasonably  be  attributed  to  immaturity.  It  does  not  seem  possible  to  identify  this 
problematical  form  with  any  other  genus,  except  the  even  less  known  QymnoJirUinga  of 
studer. 

QymnobrMnga  9arHi  (Abhandl.  Akad  Wiss.  Berlin,  Anhang,  Abth.  2,  1884,  p.  18,  pi.  3, 
fig.  5)  is  based  upon  a  brislngold  ray  only.  This  lacks  a  dorsal  skeleton,  and  while  the 
large  pedicellaria  figured  by  Studer  is  different  from  those  of  Hymenodiacue  agassizi,  I  am 
quite  unprepared  to  offer  an  opinion  as  to  the  generic  distinctness  of  the  two  species. 
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&,  Abactinal  skeleton  of  rays  in  the  form  of  independent  spaced  arches 
or  costae  composed  of  elongate,  more  or  less  compressed,  over- 
lapping plates,  projecting  well  above  the  level  of  the  intervening 
Integoment  and  bearing  small  spinelets;  intercostal  integument 
not  fortified  by  thin,  immersed,  spineless  fenestrated  plates. 
f.  Gonads  numerous,  in  a  series  along  either  side  of  each  ray ;  the 
Interradial  (first)  pair  of  adambulacral  plates  Is  joined  by  their 
lateral  faces,  and  above  them  Is  a  united  pair  of  first  marginal 
plates— four  In  all.    (Figa  1  and  la,  pi.  156.) 
(^.  Subambulacral  spines  of  proximal  adambulacral  plates  slender, 
aclciUar ;  the  accessory  subambulacral  spine,  if  present,  is  on 
the  adoral  half  of  the  plate;   adambulacral  armature  is 
not  dense  and  crowded.    Genotype,  BriHnga  endecacnemos 

Asbj0msen BriHnga   AsbJ0msen. 

(f.  Subambulacral  spines  of  proximal  adambulacral  plates  with 
modified,  capitate,  often  truncate,  tips ;  second  subambulacral 
spine  regularly  present,  prominent,  and  near  aboral  end 
of  plate;  adambulacral  plates  short,  with  crowded  arma- 
ture.   Genotype,  BriBinga  panopla  Fisher. 

Craterodrisinga  Fisher. 
f.  Gonads  2  to  each  ray  (one  on  each  side) ;  subambulacral  spines 
all  delicate  and  adcular. 
(^.  The  interradial  (first)  pair  of  adambulacral  plates  is  Joined  by 
their  lateral  faces,  and  above  them  is  a  united  pair  of  first 
marginal  plates — i  In  all.     (Figs.  2  and  2a,  pi.  156.)     Geno- 
type, Brisinga  tnoluccana  Fisher Astrostephane  Fisher. 

g'.  The  interradial  (first)  pair  of  adambulacral  plates  is  not  Joined, 
but  separate,  the  outer  end  of  the  combined  mouth  plates 
being  usually  interpolated  between  the  inner  ends  of  these 
adambulacral  plates;  first  pair  of  marginal  plates  Is  not 
closely  united  by  their  lateral  faces  but  only  by  the  adoral 
ends,  to  which  also  is  closely  united  the  lower  end  of  the 
interradial  plate,  forming  a  rude  reversed  Y,  of  which  the 
angle  Is  the  apex  of  the  interbrachial  angle  and  the  arms 
are  the  first  marginal  plates  (figa  8  and  8a,  pi.  156) ;  adambu- 
lacral plates  slender,  with  delicate  subambulacral  spine ;  rays 
delicate,  very  deciduous.    Genotype,  Brisinga  fragilis  Fisher. 

Bri8ingella  Fisher, 
e^.  Abactinal  skeleton  of  rays  consisting  of  independent  compressed 
arches  or  costae  as  in  Brisinga,  but  the  integument  between  the 
arches  is  crowded  with  numerous,  spineless,  immersed,  fenes- 
trated, thin  plates,  sometimes  slightly  overlapping,  yet  leaving 
the  integument  quite  flexible ;  gonads  2  or  4  to  each  ray. 
f.  First  pair  of  adambula'cral  plates  united,  and  Joined  to  their 
upper  side  Is  a  united  pair  of  marginal  plates,  4  In  all,  as  in 
Brisinga;  proximal   adambulacral   plates   higher   than  long; 
gonads  2  to  each  ray.     Genotsnpe,  Brisinga  iStegnodrisinga) 

placoderma  Fisher Stegnohrisinga  Fisher. 

/".  First  pair  of  adambulacral  plates  not  Joined  together  by  their 
lateral  faces,  but  separate ;  first  pair  of  marginal  plates  is  not 
closely  united  by  their  lateral  faces,  but  only  by  the  adoral 
ends,  to  which  also  is  closely  united  the  lower  end  of  the 
interradial  plate,  forming  a  rude  Inverted  Y,  of  which  the 
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angle  is  the  apex  of  the  Interbrachial  angle  and  the  arms  are 

the  first  marginal  plates   (figs.  3  and  3a,  pL  156) ;  proximal 

adambulacral  plates  not  higher  than  long ;  gonads  2  or  4  to  each 

ray.    Genotype,  Bri^in^a  fMmamefMfo  Liidwig-A<^roUru«  Fisher.* 

6*.  Abactlnal  skeleton  of  genital  region  of  ray  composed  of  a  uniform 

armor  of  thin  splniferous,  more  or  less  overlapping  plates,  but 

not  of  independent  arches  or  costae. 

f,  1?rimary  plates  of  disk  much  larger  than  the  others  which  are 

small;  gonads  2  to  each  ray;  an  interradial  plate,  vertical  in 

position,  is  interpolated  between  the  proximal  ends  of  the  first 

adambulacral  plates,  and  touches  the  mouth  plates,  but  does  not 

encroach  upon  the  actinal  surface  as  in  Colpa$ter.    Genotype, 

BelffioeUa  raooviteana  Ludwig BelgiceUa  Ludwlg. 

f.  Primary  plates  of  disk  not  conspicuous,  and  not  distinguishable 

from  the  other  abactlnal  plates  of  disk. 

^.  An  azygous  interradial  plate,  shieldHshaped  and  conspicuous 

superficially  on  the  actinal  surface,  separates  the  first  pair 

of  free  adambulacral  plates;  gonads  unknown.     Genotype, 

Colpdster  scuiigerulus  Sladen Colpa^ter  Sladen. 

p*.  First  pair  of  adambulacral  plates  not  separated  by  an  azygous 
plate,  but  united  as  in  BriHnga^  and  above  them  is  a  pair 
of  conspicuous,  united,  first  marginal  plates — 4  in  all  in  each 
interradial  angle;  gonads  numerous,  in  a  series  along  either 
side  of  the  ray.    Genotype,  Freyella  fecunda  Fisher. 

Freyellaster  Fisher, 
d'.  No  syzygy,  or  nonmuscular  symphysis,  between  the  first  and  second 
adambulacral  plates  nor  between  the  upper  part  of  the  second  and 
third  ambulacral  plates,  but  a  normal  muscular  symphysis  not 
different  from  the  others ;  no  marginal  plates  directly  above  the  first 
pair  of  adambulacral  plates ;  the  latter  are  usually  not  united  except 
sometimes  by  the  proximal  ends ;  touching  the  lower  end  of  the  inter- 
radial plate  is  a  pair  of  very  Inconspicuous  plates  lying  in  the  same 
plane,  and  superficially  appearing  to  be  a  part  of  the  interradial  ' 
plate.'    These  are  really  the  outer  ends  of  the  mouth  plates  which 
project  dorsally  behind  the  first  pair  of  adambulacral  plates.    The 
latter,  by  sometimes  touching  at  their  inner  ends  or  apposing  their 
lateral  faces,  segregate  this  dorsal  portion  of  the  mouth  plates  from 
the  actinal,  spine-bearing  part    For  this  reason  they  may  easily  be 
mistaken  for  2  entirely  independent  plates  (see  fig.  4,  pi.  156). 
6*.  Abactlnal  skeleton  of  ray  composed  of  a  uniform  armor  of  thin, 
spiniferous  more  or  less  overlapping  plates  as  In  Freyellaster,  not 
of  spaced.  Independent  arches  or  costae;  furrow  spinelets  not 
modified  or  expanded  at  the  tip.     Genotype,  Freyella  spinosa 

Perrier . Freyella  Perrier. 

6*.  Abactlnal  skeleton  of  ray  composed  of  independent  transverse 
arches,  composed,  on  radial  area,  of  flattened,  overlapping  plates 
(not  of  elongate,  narrow,  more  or  less  compressed  ossicles  as  in 
BriHnga) ;  these  costae  bear  spinelets  and  are  separated  by  Inter- 
vals devoid  of  plates;  furrow  spinelets  v^ith  curiously  modified 
expanded  tips,    (jtenotype,  Astrocles  actinodetus-^Astroclea  Fisher.' 

^Fisher,  1917f,  pp.  424,  428. 

*The  Interradial  plate  described  by  Lndwig  in  BelgioeUa  is  very  probably  the  true 
interradial  plate  plus  these  extreme  outer  ends  of  the  mouth  plates,  which,  unless  treated 
virith  potash,  appear  to  be  a  part  of  the  interradial  plate  (Ludwlg,  1903,  p.  60). 

•Fisher,  1917f,  pp.  426,  480. 
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Genus  ODINIA  Perrier. 

Odinia  Pebbdsb,  Ann.  sd.  nat.,  Zool.,  toI.  19,  art  8,  1885,  p.  9.    Type,  O. 
semicoronata  Perrier. 

ODINIA  PENICHRA  lUher. 

Plate  142,  fig.  1 ;  plate  151,  figs.  3,  Bor-c. 
Odinia  penichra  Fishes,  1916&,  p.  81. 

Diagiwsis, — ^Rays  16.  Rays  rather  slender,  the  costal  region  ex- 
tending about  half  the  length  of  ray  and  containing  10  to  12  com- 
plete, rather  weak,  conspicuously  spiniferous  costae,  widely  and 
nearly  equidistantly  spaced;  disk  with  steeply  beveled  margin  and 
conspicuous,  terminally  denticulate  spinelets  in  ones  and  twos  on 
its  slightly  convex  plates;  adambulacral  armature  with  1  slender 
aboral  furrow  spinelet  and  1  actinal  spine  proximally  bifid;  oral 
plates  with  4  or  5  actinostomial  spinelets,  and  1  aboral  furrow  spine- 
let;  no  suboral  spine.  R=100  mm.,  r=7.5  mm.  (to  edge  of  disk), 
R=13.3  r;  breadth  of  ray  at  base,  3.5  mm.;  breadth  of  actinostome, 
9  mm. 

DesGription. — Disk  with  a  beveled  margin  and  closely  placed, 
slightly  convex,  plates  bearing  usually  1,  but  sometimes  2  or  3 
slender,  tapering,  spaced  spinelets  one-half  to  once  their  length  apart 
and  about  0.75  mm.  in  length.  The  tip  of  the  epine  consists  of 
several  very  minute  points,  and  there  is  usuaDy  a  tiny  pedicellaria 
at  the  base.    Papulae  conspicuous  and  distributed  all  over  disk. 

Rays  slender,  only  slightly  inflated  at  base,  and  with  10-12  com- 
plete, rather  weak,  widely  spaced  costae,  extending  nearly  half  the 
length  of  ray.  Beyond  these  are  3  or  4  rudimentary  costae  hidden 
by  pedicellariae.  The  first  costa  is  about  one-third  the  diameter 
of  disk  from  the  base,  and  the  first  6  or  7  intercostal  spaces  are  paved 
with  irregular  contiguous  plates,  becoming  disconnected  in  the  7th 
and  8th  spaces.  Scattered  plates  of  the  first  2  intercostal  areas  bear 
small  sharp  spinelets.  The  costae  bear  spaced,  conspicuous,  slender 
spines,  usually  about  10,  of  which  3  on  each  side  are  much  the  long- 
est, and  the  4  or  5  median  are  the  shortest,  except  on  the  first  2  or  3 
costae,  where  the  lateral  spines  are  obsolete.  The  median  costal  spines 
of  the  first  2  or  3  arches  are  about  2  mm.  in  length  and  decrease 
slightly  in  length  aborad  while  the  lateral  3  spines  increase.  Of 
these  the  outermost  is  longest  and  equals  the  length  of  about  3.5  con- 
secutive adambulacral  plates.  The  spines  are  covered  with  pedicel- 
lariae and  the  papulae  extend  to  the  last  complete  arch,  decreasing 
gradually  in  number  distad.  Beyond  the  eleventh  or  twelfth  costal 
arch  only  the  3  lateral  spines  persist,  the  median  portion  of  the 
costa  becoming  at  first  rudimentary,  these  disappearing. 

First  10  adambulacral  plates  a  little  higher  than  long,  but  length 
and  width  about  equal  as  seen  directly  from  below.    First  8  subam- 
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bulacral  spines  tapering  and  pointed,  then  compressed,  broad  and 
often  bifid  at  tip,  the  2  parts  being  truncate.  These  spines  are  about 
2-2.5  adambulacral  plates  in  length,  and  increase  very  slightly  up  to 
the  fifteenth,  whence  they  soon  lose  the  truncate  tip  and  decrease 
gradually  in  length.  At  the  end  of  the  costal  region  the  subambulac- 
ral  spine  is  about  three-fourths  the  length  of  the  adjacent  lateral  spine. 
On  the  aboral  apophysis  of  the  plate  is  a  single  furrow  spinelet  about 
the  length  of  the  plate.  Beyond  the  proximal  two-thirds  of  the 
costal  region  this  is  usually  lacking. 

Mouth  plates  with  an  expanded,  curved,  actinostomial  border,  a 
very  excavated  furrow  margin  and  a  less  expanded  margin  adjacent 
to  first  adambulacral.  No  suboral  spine.  At  the  outer  furrow  comer 
is  1  furrow  spinelet  about  one-third  the  sutural  length  of  plate.  Acti- 
nostomial margin  with  4  or  5  spinelets  (8  to  10  for  the  combined 
plates)  spread  fan-wise  toward  actinostome  and  mouth  of  furrow, 
where  they  interdigitate  but  do  not  fuse.  The  lateral  spinelets  are 
slightly  the  longest  ajs  a  rule.    They  bear  a  few  pedicellariae. 

Gonads  are  2  to  each  ray. 

Madrepodic  body  small  and  turned  toward  the  margin. 

ry/?6.— Cat.  No.  37019,  U.S.N.M. 

Type-locality. — Station  5217,  between  Burias  and  Luzon,  105 
fathoms,  coarse  gray  sand ;  1  specimen. 

Distribution, — Known  only  from  the  type-locality. 

Remarks, — ^In  general  appearance  this  species  resembles  Odinia 
austini  Koehler  and  is  about  the  same  size  as  that  form,  from  which 
it  differs  ih  having  a  more  extensive  costal  region,  the  first  costa 
being  opposite  the  fifth  instead  of  the  fifteenth  adambulacral  plate; 
in  having  on  the  proximal  adambulacral  plates  an  aboral  furrow 
spinelet,  and,  judging  by  Koehler's  figure  (1909,  pi.  13,  fig.  6),  a 
differently  formed  oral  angle.  In  O,  peniohra  the  mouth  plates  are 
much  larger  than  in  ousting  the  actinostomial  margin  is  broader,  the 
pair  of  plates  are  more  constricted  medially,  the  spinelets  bear  pedi- 
cellariae, and  there  is  a  distal  furrow  spinelet.  According  to  Koeh- 
ler's figure  the  rays  are  joined  together  as  far  as  the  beginning  of  the 
sixth  adambulacral  plates;  in  0.  peniohra  only  the  first  three  are 
joined.  The  mouth  plates  also  differ  from  those  of  0,  clarki  Koeh- 
ler (1909,  pi.  4,  fig.  7)  both  in  form  and  in  lacking  a  suboral  spine. 
In  O.  penicTvra  the  plates  are  much  expanded  at  the  outer  as  well 
as  the  inner  end,  and  there  is  an  aboral  furrow  spinelet.  In  neither 
clarki  or  austini  is  this  the  case.  O,  clarki  differs  further  in  having 
more  numerous  costae,  more  conspicuous  costal  spines,  a  greater  dis- 
tance between  the  disk  and  the  first  costal  spine,  and  1  suboral  spine. 
In  0.  pacifica  Fisher,  from  the  Hawaiian  Islands,  the  disk  spinelets 
are  cylindrical  or  swollen  at  the  tip,  which  ends  in  many  minute 
points,  and  there  are  more  often  2  or  3  spinelets  to  a  plate  than  1 ; 
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there  are  only  6  or  7  easily  recognized  costae  (only  about  6  being 
conspicuous),  confined  to  the  proximal  fourth  or  less  of  the  ray,  and 
the  proximal  ridges  are  very  indistinct,  with  a  few  scattered  spines 
in  the  median  region  and  none  on  the  sides;  there  is  a  short  suboral 
spine,  and  the  marginal  oral  spinelets  are  shorter. 

ODINIA  MAGISTBB  Fisher. 

Plate  143,  figs.  1,  2;  plate  144,  fig.  2;  plate  151,  fig.  4;  plate  152,  figs.  3,  3a  (see 
also  plate  152,  fig.  2,  Odinia  paciflca). 
Odinia  maffister  Fishee,  1917&,  p.  98. 

Diagnosis. — ^Differing  from  O.  pacifica  Fisher  in  having  a  per- 
fectly smooth  integument  on  the  genital  region,  in  having  more  nu- 
merous, stouter  and  shorter  spines  (6  or  7)  on  the  largest  lateral  fans 
beyond  the  genital  region,  and  in  having  a  differently  formed  artic- 
ulating surface  to  the  first  pair  of  ambulacral  plates  of  the  ray.  Disk 
and  number  of  rays  unknown.  Ray  350  to  360  mm. ;  breadth  at  base, 
measured  at  fifth  adambulacral  plate  (the  first  one  which  is  not 
joined  to  its  vis-ft-vis  of  the  adjacent  ray)  10  mm.  Size  very  large; 
genital  region  occupying  about  one-fourth  total  length  of  ray,  and 
crossed  by**  about  10  costae,  the  first  4  or  5  being  very  irregular  and 
hard  to  distinguish;  lateral  spines  5  to  7,  4  and  3  distally;  only  1 
actinal  adambulacral  spine,  proximally  flattened  and  grooved  at 
tip;  pedicellariae  all  small;  none  on  the  integument  of  genital 
region;  no  integumentary  prickles  or  spinelets. 

Description, — ^Ray  greatly  swollen  for  about  a  fourth  of  its  length 
by  the  gonads,  the  highest  portion  being  25  mm.,  about  25  mm.  from 
the  base.  The  breadth  at  this  point  is  17  to  20  mm.  The  swollen 
region  tapers  from  this  place  into  the  distal  two-thirds  of  the  arm, 
which  is  not  enlarged.  The  skin  of  the  genital  region  is  smooth  and 
entirely  devoid  of  prickles  or  minute  spinelets  of  any  sort,  and  there 
are  no  thickly  and  evenly  distributed  pedicellariae,  such  as  charac- 
terize 0,  pacifica.  This  skin  hides  the  reticulated  skeleton  of  the 
basal  portion  of  the  ray.  For  the  first  40  mm.  of  the  ray  the  costal 
bands  of  plates  are  evident  superficially  only  in  the  mid-dorsal 
region,  where  each  spaced  ridge  bears  1  to  3  stout  acicular  spines 
about  7  mm.  long,  incased  in  a  sacculus  of  pedicellariae.  The  inter- 
vals between  the  ridges  are  5  to  10  mm.,  differing  with  the  distension 
of  the  integument.  If  a  portion  of  the  body  wall  is  treated  with 
caustic  potash  and  dried  the  plates  are  seen  to  be  very  irregular  in 
shape  and  diverse  in  size.  The  costal  plates  are  elongated,  with 
often  1  or  2  lateral  lobes,  while  the  plates  which  bear  the  spines  are 
stellate,  with  5  or  6  broad,  more  or  less  unequal,  lobes.  The  inter- 
costal plates  are  thin,  flat,  and  overlapping.  In  the  very  irregular 
spaces  between  them  1  to  5  long  vermiform,  pointed  papulae  emerge. 
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Beyond  the  first  40  mm.  of  the  ray  the  costae  become  well  defined 
and  increasingly  more  prominent,  especially  on  the  sides,  and  bear 
about  10  spines,  spaced  all  the  way  across  the  arm,  and  longest  lat- 
erally (10  mm.).  Beyond  the  80  mm.  mark  they  become  more  and 
more  localized  laterally  into  fans  of  sacculated  spines  borne  on  a 
prominent  transverse  ridge,  while  the  median  portion  of  the  ray  is 
devoid  both  of  spines  and  plates.  ProximaJly  there  are  6  or  7  spines 
to  a  comb  (the  second  and  third  from  the  lowest  usually  the  longest, 
about  12  mm.),  then  5  for  a  considerable  distance,  then  4,  and  finally 
3  at  the  end  of  the  ray.  (See  pi.  143,  fig.  2.)  As  soon  as  the  spines 
are  segregated  on  lateral  combs,  pedicellariae  in  circular  cushions 
appear  on  the  radial  area  and  between  the  combs,  and  these  pads  or 
flaps  sometimes  coalesce  into  incomplete  transverse  bands.  The 
spines  themselves  are  invested  with  a  thick  sacculus,  covered  with 
small  pedicellariae. 

The  papulae  extend  about  110  mm.  from  base  of  ray  (one-third  the 
total  length),  and  the  lateral  papulae  are  often  very  much  swollen 
at  the  base,  as  if  distended  by  products  of  excretion. 

The  adambulacral  plates  are  higher  than  long  and  bear  only  1 
large  erect  spine,  which,  proximally,  is  usually  flattened  and  sub- 
truncate  at  the  tip.  The  terminal  portion  is  not  much  widened,  but 
there  is  usually  a  very  evident  longitudinal  furrow  (sometimes  2). 
The  spine  then  has  a  couple  of  incipient  truncate  or  sharp  extremi- 
ties. Beyond  the  basal  third  of  the  ray  the  extremity  of  the  spine 
is  tapered  and  either  sharp  or  truncate,  and  often  retains  the  groove 
and  the  2  more  or  less  well-defined  tips.  On  the  outer  side  of  the 
spine  is  a  thick  felting  of  pedicellariae  on  a  flange  of  tissue  which 
extends  as  a  flap  or  pennant  beyond  the  tip  of  the  spine  for  half  or 
three-quarters  its  length.  The  combs  of  lateral  spines  are  opposite 
about  every  third  adambulacral  plate;  there  are  thus  2  plates  inter- 
polated between  the  plates  which  have  the  lateral  spines  opposite 
them. 

The  proximal  half  of  the  "genital  region"  is  packed  with  the 
gonads  which  consist  of  long,  slender,  mostly  dichotomously  branched 
tubules.  These  converge  and  open  to  the  exterior  19  mm.  from  the 
base  of  the  ray  and  12  mm.  above  the  actinal  surface  of  the  adambu- 
lacral plates.  The  distal  half  of  the  inflated  region  is  filled  with 
the  lobulated  tubules  of  the  hepatic  coeca,  which  extend  nearly  half 
the  length  of  ray.  The  lobes  seem  to  be  solid  and  are  attached  to  a 
long  axial  canal  which  is  scarcely  evident  above  the  testes.  The 
lobules  when  crushed  give  out  numerous  oil  globules. 

Ty^e.—G^t.  No.  37026,  U.S.N.M. 

Type-locality.— Stsition  5268,  off  southern  Panay  (lat  10^  27'  45" 
N. ;  long.  122°  12'  30"  E.) ;  marked  intermediate  haul  in  list  of  dredg- 
ing  stations. 
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Remarks. — This  large  species  differs  from  0,  pacifica  in  having 
more  nmnerous,  stouter,  and  shorter  spines  on  the  largest  lateral 
fans.  In  paciflca  the  spines  are  4  to  a  comb,  very  slender,  and  the 
longest  equal  7.5  to  8  plates  in  length  while  in  magister  there  are 

6  or  7  spines,  6  to  6.5  plates  in  length.  In  magister  the  skin  of  the 
genital  region  is  perfectly  smooth;  in  pacifica  it  is  thickly  peppered 
with  minute  pedicellariae.  The  articulating  surface  of  the  first  pair 
of  ambulacral  ossicles  (at  base  of  ray)  has,  in  raagister^  a  nearly 
elliptical  contour,  but  in  paoifica  the  upper  end  is  much  broader  than 
the  lower  (see  pi.  152,  figs.  2  and  8a). 

Odima  penickra  Fisher  and  0.  olarhi  Koehler  have  a  furrow 
spine;  the  former  has  spinelets  on  the  integument  between  the  proxi- 
mal costal  ridges,  and  scattered  pedicellariae,  while  clarki  has  a  long 
genital  region  with  numerous  complete  costae,  bearing  each  a  com- 
plete series  of  robust  conspicuous  spines,  and  has  only  4  spines  in 
the  lateral  fans  beyond  the  genital  region. 

In  O.  austini  Koehler,  which  is  of  a  delicate  habit,  like  penichra^ 
there  are  no  furrow  spinelets,  but  at  the  very  base  of  the  ray  there 
are  abactinal  spinelets  scattered  among  the  papulae,  the  well  spaced 

7  or  8  costae  are  quite  distinct,  and  there  are  only  3  or  4  lateral 
spines  beyond  the  costal  region. 

Genus  BRISINGA  Asbjomsen. 

Brisinga  Asbj^bnsen,  Fauna  Lltt.  Norvegiae»  1856,  andet  hefte,  p.  95. 
Type,  B,  endecacnemoa  AsbJ0rnsen ;  Fisher,  1917/,  p.  421,  figs.  1  aud  2. 

Diagnosis. — Brisingidae  without  papulae;  with  the  abactinal  skele- 
ton of  rays  in  the  form  of  transverse  independent  arches  separated  by 
intervals  lacking  plates  (except  sometimes  microscopic  plates  carry- 
ing minute  prickles) ;  with  numerous  gonads  forming  a  series  along 
either  side  of  each  ray;  with  a  syzygy  or  nonmuscular  symphysis 
between  the  first  and  second  adambulacral  plates,  and  between  the 
upper  end  of  the  second  and  third  adambulacral  plates ;  with  a  united 
pair  of  first  adambulacral  plates,  and  first  marginal  plates  in  each 
interbrachial  angle — i  plates  in  all;  with  the  subambulacral  spines 
of  proximal  plates  acicular,  unmodified;  accessory  subambulacral 
spine,  if  present,  on  adoral  half  of  plate. 

Remarks. — ^In  B.  tra^chydisca  Fisher  the  distal  ends  of  the  first  or 
united  pair  of  adambulacral  plates  of  each  interradius  are  wedged 
apart  by  the  united  first  marginal  plates — or,  rather,  appear  to  be. 
In  Sars'  admirable  monograph  of  Brisinga  coronata^  two  figures  of 
B.  endecacnemos  (Sars,  1875,  pi.  8,  figs.  8  and  9)  show  that  the  first 
adambulacral  plates  are  not  joined  so  closely  as  in  Brismgenes^  As- 
trostepTuLTie^  or  Stegnobrisinga.  But  the  structure  of  these  inter- 
radially  situated  adambulacrals  and  marginals  is  quite  different 
from  that  of  the  same  plates  of  Brisingella^  as  may  be  readily  de- 
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termined  by  examining  plate  4,  figures  4  and  6  of  the  same  work. 
These  figures  show  the  structure  of  the  plates  on  BriaingeUa  coronata 
(G.  O.  Sars). 

B.  trachydisoa  is  the  only  species  of  the  restricted  genus  Brismga 
which  I  have  examined. 

In  the  descriptions  of  the  species  of  Brismga  and  of  related  genera 
a  formula  has  been  introduced  to  denote  briefly  the  adambulacral 
armature.  This  is  useful  for  a  comparison  of  tiiie  armatures  of  re- 
lated forms  or  for  indicating  variations  within  the  species.  If  a 
transverse  line  is  drawn  through  the  middle  of  the  plate,  all  the 
spines  aborad  of  the  line  are  listed  as  the  numerator  of  a  fraction, 
and  all  adorad  to  the  line  as  the  denominator.  The  spinelets  within 
the  furrow  are  each  denoted  by  i,  the  smaller  subambulacral  spines 
each  by  i,  and  the  large  subambulacral  spine,  nearly  always  single, 
by  /.  Thus  if  there  is  an  aboral  and  an  adoral  furrow  spinlet,  one 
adoral  subambulacral  spine  of  small  size,  and  the  major  subambu- 
lacral spine  is  situated  exactly  in  the  middle  of  the  plate  (it  is  very 

often  aborad  of  the  middle)  the  formula  would  read  TTl'^^y  ^^ 

if  the  large  spine  is  aborad  of  the  middle,  ^^rj-    ^  practice  it 

is  sometimes  hard  to  decide  whether  a  small  spinelet  should  be  classed 
as  a  minor  subambulacral,  or  as  a  furrow  spinelet;  that  is,  whether  it 
should  be  written  i  or  1. 

BRISINGA  TRACHYDISCA  Fisher. 

Plate  145 ;  plate  149,  fig.  5 ;  plate  152,  figs.  1,  lor-c ;  plate  156,  figs.  1,  la. 
Brisinga  trachydi8ca  Fishes,  1916&,  p.  31. 

Diagnosis. — ^Eays  18  or  12 ;  a  multicostate  form  with  the  spinelets 
of  disk  in  groups  of  2  to  6,  spaced  like  pseudopaxillae ;  costae  40-45 
very  prominent,  irregular  and  sinuous,  without  intercostal  bands  of 
pedicellariae,  and  with  relatively  coarse  spinelets,  the  costal  region 
occupying  more  than  a  third  of  the  total  length  of  ray  but  less  than 
one-half;  adambulacral  plates  not  crowded;  armature  with  1  aboral 
furrow  spinelet,  1  adoral  actinal  spine,  1^  to  If  the  length  of  the 
plate,  and  1  prominent  actinal  spine  3  times  the  length  of  plate. 
Rays  slender,  very  long;  breadth  of  disk  equals  4  to  4J  times  width 
of  ray  at  base. 

Description, — Disk  moderate,  with  rounded  margin,  the  abactinal 
surface  plane  and  not  much  elevated  above  base  of  rays;  spinelets 
in  groups  of  2  to  6  on  small,  spaced,  convex  plates  resembling 
pseudopaxillae;  spinelets  slightly  tapered,  sharp,  the  tip  ending  in 
several  minute  points,  the  base  sometimes  provided  with  a  minute 
crossed  pedicellaria,  these  scattered  also  over  the  intervening  integu- 
ment. 
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Rays  rather  slender,  but  slightly  swollen  at  base.  Costae  40-45 
occupying  more  than  a  third  of  the  total  length  of  ray,  but  less  than 
one-half.  They  are  irregular,  compressed,  and  very  prominent,  the 
sinuous  ridge  or  summit  being  armed  with  comparatively  coarse, 
sharp,  conical  spinelets,  their  bases  flaring,  often  touching.  Some- 
times there  are  two  series  of  them.  The  costae  are  frequently  in- 
complete. There  are  numerous,  microscopic  pedicellariae  on  the 
costae,  but  no  bands  of  them  between  the  ridges,  or  at  any  rate  only 
rudiments,  but  these  bands  occur  on  the  outer  part  of  the  ray,  be- 
yond the  region  of  the  ridges.  At  the  base  of  the  ray  there 
are  about  6  lateral  plates  joined,  in  a  series,  and  the  first  lateral 
spine,  very  slender  and  sharp,  is  at  about  the  fifth  adambulacral. 
The  succeeding  spines  occur  opposite  every  other  adambulacral,  to 
which  the  plate  is  firmly  fastened,  and  are  very  slender,  increasing  in 
length  until  in  the  outer  part  of  the  costal  region  they  equal  in 
length  about  6  adambulacrals. 

Adambulacral  plates  proximally  a  trifle  longer  than  wide  and 
shallowly  excavated  toward  the  furrow.    The  formula  of  the  anna- 

ture  is  —772  or  near  the  disk  -— ^  +  /•  The  aboral  furrow  spinelet  (i)  is 

about  as  long  as  the  plate  measured  in  the  middle  of  the  actinal  sur- 
face; the  large  actinal  spine  (/)  is  slender  and  sharp  and  3  times 
the  length  of  the  plate,  while  the  adoral  actinal  spine  is  1^  to  1}  the 
length  of  the  plate.  A  specimen  from  station  5494  has  a  few  prox- 
imal plates  with  2  adoral  actinal  spines,  forming  with  the  large  spine 

an  obUque  series  of  3  (~x^)'  -^  infrequent  variation  is  2  aboral 

furrow  spinelets  (—v-y)"    The  lateral  spines  are  thickly  covered 

with  a  sheath  of  pedicellariae,  while*  the  adambulacral  spines  are 
somewhat  less  thickly  covered,  and  tend  to  be  free  from  them  on  the 
side  toward  furrow. 

Mouth  plates  with  a  furrow  spine  extending  halfway  across  mouth 
of  furrow,  and  another  at  the  aboral  end  of  plate;  a  small  actino- 
stomial  spinelet  just  mesad  to  the  base  of  the  former  and  two-thirds 
its  length;  at  the  outer  end  of  plate  a  large  suboral,  pointed  spine  5 
times  the  length  of  plates,  invested  with  a  pedicellaria-covered 
sacculus  which  extends  half  the  length  of  the  spine  or  more  beyond 
the  end.    Tube  feet  covered  with  microscopic  lanceolate  glands. 

Madreporic  body  small.  The  articular  surface  of  the  pair  of  am- 
bulacrals  of  the  disk,  where  a  ray  has  broken  off,  is  much  broader 
above  than  below,  the  breadth  being  about  equal  to  the  height, 
measured  from  the  radial  water  tube. 

Gonads  and  proximal  adambulacral  plates  as  in  generic  diagnosis. 

Type.— CsLt  No.  37020,  U.S.N.M. 
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Type-locality. — Station  5491,  between  Leyte  and  Mindanao,  786 
fathoms,  green  mud,  coral,  bottom  temperature  62.8**  F.;  1  speci- 
men. 

DistribvMon. — Philippine  Islands,  604  to  772  fathoms. 

Specimens  examined. — ^Besides  the  type,  11,  from  the  following 
stations : 

Station  5215,  east  of  Masbate,  604  fathoms,  green  mud ;  1  specimen. 

Station  5487,  between  Leyte  and  Mindanao,  782  fathoms,  green 
mud,  bottom  temperature  52.3^  F. ;  8  specimens. 

Station  5488,  same  locality,  772  fathoms,  green  mud,  bottom  tem- 
perature 52.3®  F. ;  3  specimens. 

Station  5494,  same  locality,  678  fathoms,  green  mud  and  sand,  bot- 
tom temperature  53.8®  F. ;  3  specimens. 

Station  5515,  Iligan  Bay,  north  coast  Mindanao,  "about  700 
fathoms." 

Bem^arJcs. — There  are  2  multicostate  forms  described  by  Alcockfrom 

the  Indian  region,  B.  andamanica  (  ^  4.  y  +  ^  )*  wid  B.  gunnii  (  rr  7  +  ^  )' 

having  practically  the  same  adambulacral  formula  as  the  present 
species,  although  the  description  of  B.  gunnii  does  not  state  the  lo- 
cation of  the  smaller  actinal  spine.    The  formula  might  be  (  — — -  +  /  )• 

From  B,  andaanamca^  this  species  differs  in  having  more  closely 
crowded  costae,  with  strongly,  not  feebly  developed  plates,  in  having 
a  longer  costal  region,  in  lacking  well-developed  bands  of  pedicel- 
lariae  between  the  costae,  in  having  fewer  (12  or  13,  not  15)  less 
deciduous  rays,  and  a  relatively  longer  minor  subambulacral  spine 
(the  adoral).  B.  gvmmi  differs  in  having  more  numerous  rays,  much 
thinner  disk,  which  has  a  downy  appearance  (spiny  in  trachydisca)  ^ 
only  20-30  ridges,  especially  prominent  laterally  but  becoming  in- 
conspicuous or  obsolete  abactinally,  intercostal  bands  of  pedicellariae, 
a  much  shorter  major  subambulacral  spine  (/  of  formula),  a  slightly 
shorter  minor  subambulacral  spine,  and  mouth  plates  composed  of  2 
incompletely  fused  abambulacrals,  leaving  a  "ligamentous symphysis 
between." 

Genus  CRATEROBRISINGA  Fisher. 

Craterohrisinffa  Fibheb  (subgenus),  1916&,  p.  33;  1917/,  p.  624.    Type,  B. 
panopla  Fisher. 

Diagnosis. — ^Differing  from  typical  Brisinga  (which  it  resembles 
in  appearance  and  in  the  possession  of  serial  gonads,  and  of  closely 
opposed  first  adambulacral  and  first  marginal  plates  of  adjacent 
rays)  in  having  proximally  2  subambulacral  spines  of  conspicuous 
size,  the  larger  of  which  (and  also  sometimes  the  smaller)  has  an 
enlarged,  modified,  capitate,  often  truncate  tip.     Costae  usually 
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numerous,  and  genital  region  extended ;  first  adambulacral  plate,  and 
sometimes  the  first  2,  joined  to  corresponding  plate  or  plates  of  the 
adjacent  ray,  or  if  rays  are  less  than  10,  the  joined  pair  of  first  mar- 
ginal plates  may  be  more  or  less  interpolated  between  the  distal  ends 
of  the  first  adambulacral  plates.  But  the  first  adambulacral  plates 
of  adjacent  rays  are  never  separated  to  their  proximal  ends  so  that 
the  mouth  plates  form  the  apex  of  the  interradial  angle  as  in 
BrismgeUa.  No  matter  what  the  number  of  rays  may  be,  the  first 
pair  of  marginal  plates  is  closely  apposed  for  the  whole  length  of 
the  plate,  and,  as  stated  above,  their  lower  sides  may  be  squeezed  in 
between  the  outer  ends  of  the  first  or  interradial  pair  of  adam- 
bulacral plates.  When  there  are  fewer  than  10  rays  these  plates 
descend  and  separate  the  outer  ends  of  the  normally  imited  pair  of 
adambulacrals  in  such  a  way  that  the  marginals  can  be  seen  from 
below.  This  seems  to  be  a  means  of  strengthening  the  actinostomial 
ring.  A  nonmuscular  symphysis  or  syzygy  between  the  first  and 
second  adambulacral  plates,  and  between  the  dorsal  end  of  the  second 
and  third  ambulacral  ossicles.  Adambulacral  plates  short,  with  a 
crowded,  characteristic  armature  consisting  of  an  aboral,  obliquely 
transverse  series  of  2  subambulacral  spines  and  1  or  2  furrow  spine- 
lets,  and  usually  also  1  adoral  spinelet.  The  lateral  spines  and  the 
major  adambulacral  spines  are  typically  l()ng  and  bristling.  Mouth 
plates  small,  with  1  to  3  suboral  spines. 

Remarks, — This  genus  is  not  so  sharply  differentiated  as  either 
Brismgella  or  Stegnohrisinga^  but  is  readily  to  be  recognized  by  the 
crowded  adambulacral  armature  and  the  curiously  modified,  capitate 
proximal  subambulacral  spines,  which  are  similar  to  those  of  Briaing- 
aster  de  Loriol. 

The  species  to  be  included  in  this  group  are :  Cra^erohrisinga  pa- 
nopla  (Fisher),  C.  parallela  (Koehler),  C.  cricophora  (Sladen),  0. 
alberti  (Fisher),  C,  eucoryne  (Fisher),  C.  analoga  (Fisher),  C. 
variispina  (Ludwig),  C.  multicostata  (Verrill),  and  probably  also 
the  aberrant  C.  evermarmi  (Fisher).  In  the  last  species  the  proximal 
subambulacral  spines  are  longer  and  slenderer  than  is  usual  in  Cra- 
terobrisingaj  and  the  modified  tip  is  not  so  heavy  as  in  typical  species, 
nor  is  the  adambulacral  armature  so  crowded.  The  second  sub- 
ambulacral spine  is  frequently  quite  small  and  easily  mistaken  for 
an  aboral  furrow  spinelet,  but  on  certain  plates,  without  any  regu- 
larity that  I  can  discover,  this  inner  subambulacral  spine  becomes 
nearly  as  large  as  the  outer.  On  such  plates  there  is  usually  also  an 
aboral  furrow  spinelet,  making  3  in  an  oblique  transverse  series,  with 
the  lateral  spine  additional,  if  such  happens  to  be  present.  These  en- 
larged, inner  subambulacral  spines  are  present  on  the  outer  part  of 
the  costal  region  and  beyond  and  are  not  shown  in  the  figures  of  the 
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adambulacral  plates  given  by  me  in  connection  with  the  original  de- 
scription (Fisher,  1906,  pi.  48,  figs.  2,  2a).  In  these  figures  only  the 
dwarfed  inner  subambulacral  spines  are  shown.  The  adoral  spinelet 
appears  never  to  be  present. 

CBATEBOBBISINGA  EUCOBTKB  FliAtr. 

Plate  143,  fig.  3;  plate  148,  figs.  4-6;  plate  149,  fig.  2;  plate  154,  figs.  la^. 

BriHnga  (Craterobrisinga)  eucoryne  Fisheb,  1916&,  p.  33. 
Craterobrisinga  eucoryne  Fishes,  1917/,  p.  426. 

Diagnosis. — Rays  11.  Related  to  0.  dCberti  (Fisher).  Five  or  6 
inconspicuous  rudimentary  costae  at  base  of  ray,  followed  by  17  to 
20  well-spaced  prominent  ridges  occupying  proximal  third  of  ray; 
numerous  small  integumentary  spinelets,  and  about  3  inconspicuous 
bands  of  pedicellariae  between  the  costae,  which  are  composed  of 
elongate  elliptical  plates,  usually  not  compressed,  bearing  1  or  2 
spinelets  in  center;  disk  small,  with  crowded,  rather  long,  solitary 
spinelets  giving  a  hirsute  appearance;  adambulacral  plates  proxi- 
mally  wider  than  long  with  crowded  armature;  first  dozen  plates 
with  also  the  slenderer  of  the  2  subambulacrals  often  truncate  and 

sUghtly  flaring;    typical    formulae  — =-+7or  T~irrTY    2    (instead 

of  1)  large  subambulacral  spines  characteristic;  each  mouth  plate 
with  2  large  pointed  suboral  spines.  Breadth  of  disk=8J  times 
width  of  ray  at  base  (6  mm.);  actinostome=2  times  same;  height 
of  disk=f  breadth  of  ray  at  base.  R=205+mm.  r=10.5  mm. 
(small  section  from  tip  of  ray  missing). 

Description. — ^Disk  small,  with  an  abrupt  rounded  border  and 
rather  prominent,  vertical,  interradial  plates.  Disk  covered  with 
relatively  long,  solitary,  delicate,  glassy  spinelets,  which  by  reason 
of  their  thick  saccular  investment  have  usually  a  blunt  papilliform 
appearance  and  give  a  hirsute  appearance  to  the  disk.  These  spine- 
lets are  about  0.75  mm.  long,  are  longest  at  center  of  disk,  decreasing 
to  0.5  mm.  at  the  margin,  and  are  spaced  one-fourth  to  one-third 
their  length.  The  spinelets  are  frequently  directed  toward  a  com- 
mon  center  forming  conical  groups  resembling  incipient  spiniform 
pedicellariae.  Scattered  among  the  spinelets  are  relatively  few 
forcipiform  pedicellariae  of  small  size. 

Rays  relatively  short,  swollen  on  the  costal  region,  which  occupies 
the  proximal  third  of  ray.  At  the  base  of  ray  are  5  or  6  incon- 
spicuous costae,  followed  by  17  to  20  well-spaced,  fairly  prominent 
costae,  which  in  the  midradial  region  are  almost  always  distorted  in 
some  way.  The  plates  composing  the  ridges  are  not  compressed. 
Each  plate  is  very  distinct  and  is  in  form  a  long,  slender  ellipse,  con- 
stricted slightly  in  the  middle  where  there  is  a  short,  upright,  slen- 
der, sharp  spinelet  (sometimes  2).    The  surface  of  the  plates  is 
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usually  evenly  rounded  except  for  the  central  boss,  and  the  ends  are 
spatulate  and  overlapping.  The  integument  between  the  ribs  is  thin 
and  is  provided  with  delicate  glassy  prickles  about  half  or  two- 
thirds  the  length  of  the  costal  spinelets.  These  are  very  numerous 
on  the  proximal  third  of  the  costal  area,  gradually  thinning  out 
until  there  are  few  or  none  in  the  last  5  or  6  intercostal  spaces. 
There  are  about  8  very  inconspicuous  bands  of  pedicellariae  be- 
tween the  costae  and  relatively  few  pedicellariae  on  the  ridge  itself. 
Lateral  spines,  beginning  at  about  the  fourth  costa,  articulated  to  a 
small  subtriangular  plate,  which  occurs  opposite  every  other  adam- 
bulacral,  but  occasionally  opposite  2  consecutive  plates.  The  first 
spine  is  very  short,  but  they  rapidly  increase  in  size,  attaining  the 
maximum  length  (12  or  18  mm.)  near  the  end  of  the  costal  region, 
where  they  are  as  long  as  5^  consecutive  adambulacral  plates,  and 
very  slender. 
Adambulacral  plates  proximally  wider  than  long,  with  a  crowded 

armature,  which  for  the  first  few  plates  has  the  formula  '-r-  +  I 

on  the  fourth  or  fifth  plate  becoming -7-+/ or  7  +  /+/;  then  to 

— -. or  .  ^ —  At  either  end  of  the  plate  pointing  across  fur- 
row is  a  slender  spinelet,  usually  a  little  longer  than  the  plate,  but 
if  there  is  an  adoral  actinal  spinule  the  furrow  spinelet  is  shorter.  On 
the  actinal  surface  are  2  large  actinal  grooved  spines  sometimes  in  a 
transverse  series  at  middle  of  plate,  or  in  an  oblique  series  from  the 
inner  aboral  toward  outer  adoral  corner.  The  outer  spine  on  the 
first  10  plates  has  a  flaring  truncate  tip,  ending  in  numerous  points, 
which  is  broadest  on  the  most  proximal  spines,  thence  decreasing  in 
width  as  the  spine  increases  in  length.  The  eleventh  is  usually  also 
truncate,  but  from  here  on  the  spines  become  pointed.  The  first 
spine  is  equal  to  3^  consecutive  (short)  adambulacrals,  the  eleventh, 
4i  or  5  (or  the  first  7  plates  of  the  ray) ;  thence  the  spines  become 
slenderer  and  longer,  equaling  6J  to  7  consecutive,  longer,  adam- 
bulacral plates  on  the  outer  part  of  the  costal  region.  The  other 
actinal  spine  on  the  first  2  or  8  plates  is  slender,  pointed,  and  about 
three-fourths  the  length  of  the  very  stout  outer  subambulacral.  From 
the  fourth  to  the  twelfth  it  varies  from  three-fourths  to  the  length  of 
the  outer  spine,  but  is  slenderer  and  frequently  has  a  truncate,  slightly 
flaring  tip,  though  often  also  a  bluntly  pointed  one.  Beyond  about 
the  tT^elfth  plate  it  is  two-thirds  to  four-fifths  the  length  of  the  outer 
spine,  is  slenderer  than  proximally,  and  always  is  acicular.  A  vari- 
able number  of  plates  have  an  adoral  actinal  spine,  one  and  a  half  to 
twice  the  length  of  the  adoral  furrow  spine.  This  species  has  an 
imusually  long  secondary  actinal  spine.  Spines  covered  with  pedi- 
cellariae. 
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Mouth  plates  small.  Annature  consists  of  a  spinelet  at  outer 
furrow  comer  and  2  at  the  inner,  one  directed  across  mouth  of 
furrow  and  the  other,  which  is  near  median  suture,  is  directed  over 
actinostome.  These  spinelets  are  a  little  more  than  half  to  three- 
fourths  length  of  plate.  The  median  suture  on  its  outer  half  is 
abruptly  much  wider  than  on  the  inner  half.  (2)  There  are  2  suboral 
pointed  spines,  heavily  sheathed  with  pedicellariae,  one  at  eith^  end 
of  the  plate,  their  bases  occupying  most  of  the  surface  of  the  plate. 
They  are  2  to  2^  times  the  length  of  the  mouth  plates,  and  they  vary 
somewhat  in  robustness.  The  inner  is  a  little  the  laiger.  Sometimes 
the  tip  is  bifid. 

Madreporic  body  very  small  and  prominent,  with  a  few  meander- 
ing striae.  The  articular  surface  of  the  ambulacra!  plate,  at  junc- 
tion of  ray  with  disk,  unusually  small,  higher  than  wide,  with  a  very 
conspicuous  suture  (broader  at  the  bottom)  between  the  two  plates. 

Gonads  numerous,  seriajly  arranged;  interradial  pair  of  adam- 
bulacral  plates  and  first  pair  of  marginal  plates  all  closely  united. 

ryp^.— Cat.  No.  37024,  U.S.N.M. 

Type-locality. — Station  5848,  Palawan  Passage,  376  fathoms,  coral 
sand,  bottom  temperature  56.4®  F.,  2  specimens. 

Distribution. — ^Known  only  from  vicinity  of  type-locality. 

Specimens  examined, — ^Besides  the  types,  a  fragment  of  a  ray  from 
station  5349,  near  type-locality,  730  fathoms,  coral  sand;  bottom 
temperature  40.6°  (identification  not  positive). 

Remarks. — ^This  species  closely  resembles  C.  alberti  from  the  Ha- 
waiian Islands.  It  diflfers  in  having  11  rays  which  are  relatively 
narrower  at  the  base  (9  in  alberti) ;  longer  and  thicker  proximal 
subambulacral  spines,  the  inner  of  the  two  being  nearly  as  long  as 
the  outer  on  the  first  10  or  12  plates,  and  sometimes  also  with  an 
expanded  tip;  relatively  longer  secondary  subambulacral  spines 
throughout  ray ;  larger  suboral  spines  2  in  number  instead  of  usually 
3;  longer  disk  spinelets;  narrower  articulation  surfaces  of  ambu- 
lacral  plates  where  the  ray  joins  disk.  The  differences  between  this 
and  the  following  species  are  detailed  under  C.  analogcu 


CRATEROIISISINGA  ANALOGA.  new  i 

Plate  148.  flga  7.  8;  plate  149,  fig.  1. 

Diagnosis.— Rajs  11.  Closely  related  to  0.  eucoryne^  from  which 
it  differs  in  having  more  numerous  costal  ridges,  which  occupy  a 
little  more  than  the  basal  half  of  the  ray,  these  ridges  being  also 
more  regular,  more  nearly  parallel,  and  closer  together  on  the  swollen 
portion  of  the  ray ;  instead  of  5  or  6  rudimentary  ridges  at  base  of 
ray,  as  in  eucoryne^  there  are  only  1  or  2;  disk  with  slightly  shorter 
spinelets.    R=:235  mm.,  r=10  mm. 
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Description. — ^The  disk  is  very  similar  to  that  of  ettooryne^  but  the 
spinelets  are  a  trifle  shorter,  a  character  which  may  or  may  not  be 
constant.  The  costal  region  extends  a  little  over  half  the  length  of 
the  ray  instead  of  a  third,  and  there  are  about  35  costae,  1  or  2  at 
the  base  of  the  ray  being  incomplete  and  the  last  10  very  slender, 
but  complete.  The  costae  on  the  main  swollen  portion  of  the  costal 
i*egion  are  closer  together  than  in  eucoryne^  more  regular,  and  more 
nearly  parallel.  Two  adambulacral  plates,  each  with  a  rib  opposite, 
are  followed  by  a  plate  without  a  ridge;  then  come  two  ridges  close 
together;  then  may  follow  2  costae  opposite  alternate  plates,  and 
so  on.  There  is  much  variation,  but  beyond  the  fifteenth  or  six- 
teenth costa  they  occur  only  opposite  alternate  plates.  The  proximal 
lateral  spines  seem  to  be  a  %v\A%  weaker  than  in  eucoryne. 

The  adambulacral  armature  is  very  similar  to  that  of  C.  euooryne, 
with  the  exception  that  there  is  never  an  adoral  subombulacral  spi« 
nule  in  addition  to  the  adoral  furrow  spinelet.  The  adoral  furrow 
spinelet  in  analoga  is  probably  really  an  actinal  spinelet  moved  to 
the  furrow  margin.  The  furrow  spinelets  are  a  little  less  to  a  little 
more  than  the  length  of  the  plate.  The  second  subambulacral  is  a 
little  stouter  and  more  often  truncate  on  the  first  dozen  plates  than 
in  eucoryne. 

The  pedicellariae  are  similar  to  those  of  eucoryne^  but  are  a  trifle 
narrower. 

Type.— CB,t  No.  87084,  U.S.N.M. 

Type-locality. — Station  5348,  Palawan  Passage,  375  fathoms,  coral 
sand ;  bottom  temperature,  56.4*  F. ;  one  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^The  specimen  upon  which  this  species  is  based  was  in 
the  same  bottle  with  two  of  C.  eucoryne.  B.  parallela  holds  a  some- 
what analogous  position  with  reference  to  C.  panopla,  both  analoga 
and  parallela  differing  from  their  near  relatives  in  having  more 
regular  and  more  nearly  parallel  costal  arches.  B.  analoga  is  at 
once  separable  from  both  panopla  and  parallela  in  having  tegumen- 
tary  prickles  and  much  fewer  costae. 

Geniu  BRISINGENES  Fisker. 

Brisingenes  Fisheb,  1917/,  pp.  419,  427.    Type,  Brisinga  mimica  Fisher. 

Diagnosis. — Closely  similar  in  appearance  to  typical  Brisinga^  but 
differing  in  having  on  the  margin  of  disk,  directly  over  the  firet  pair 
of  enlarged  ambulacral  plates  of  each  ray,  a  pair  of  papulae.  There 
is  thus  a  circle  of  these  papulae,  twice  as  niunerous  as  the  number  of 
rays,  and  the  papulae  of  each  pair  are  separated  slightly  less  than 
the  space  between  the  pairs.  Gonads  numerous,  in  close  series  on 
either  side  of  each  ray;  fiirst  adambulacral  plate  and^ first  marginal 
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plate  joined  for  their  whole  length  to  the  respective  plates  of  adja- 
cent ray;  thus  there  are  4  closely  joined  plates  in  each  interradius;  a 
nonmuscular  symphysis  or  syzygy  between  first  and  second  adam- 
bulacral  plates  and  between  the  dorsal  part  of  the  second  and  third 
ambulacral  plates,  as  in  Brinnga. 

Remarks. — ^The  two  species  which  are  included  in  this  genus  are  in 
most  respects  closely  similar  to  Briainga^  s-  s.,  except  for  the  regular 
circle  of  papulae  near  the  margin  of  the  disk,  there  being  2  papu- 
lae for  each  radius.  The  first  pair  of  adambulacral  plates  is  more 
closely  joined  than  in  true  Brisinga^  judging  by  the  figure  of  B, 
endecacnemos  Asbj0msen,  given  by  G.  O.  Sars  (1875,  pi.  7,  figs.  8 
and  9.),  and  the  condition  of  these  plates  in  B.  trackydisca.  The 
outer  ends  of  the  plates  tend  to  radiate  apart  somewhat,  and  in  the 
second  species  the  united  first  pair  of  marginals  slips  down  between 
them. 

KIT  TO  THE  SPECIES  OF  BRISINGBNES  HBEBIN  DBSCBZBBD. 

a\  Conspicuous  costae  25  to  80,  occupying  proximal  fifth  of  ray ;  pedicellarlae 
larger,  the  proximal  serrate  edge  of  each  blade  inconspicuous,  semi- 
circular; articular  surface  of  proximal  ambulacral  ossicles  smaller;  rays 
16 mimica,  p.  518 

a*.  Conspicuous  costae  about  40,  occupying  proximal  fourth  of  ray ;  pedicellarlae 
smaller,  with  the  proximal  serrate  edge  of  each  blade  relatively  larger  in 
proportion  to  total  length  of  blade  and  different  in  form;  articular  surface 
of  proximal  ambulacral  ossicles  larger,  the  pair  being  1.5  times  higher  than 
broad;  rays  14 anchista,  p.  521 

BRISINGENES  MIMIGA  (Flsbcr). 
Plate  147,  flga  8-5 ;  plate  149,  fig.  4 ;  plate  152,  figs.  4,  4a^. 

Brisvnffa  nUnUca  Fisheb,  1916&,  p.  82. 
BriHngenes  mimica  Fishes,  1917/,  p.  427. 

Diagnosis. — ^Rays  16.  Costae  nmnerous  (26  to  80),  closely  placed, 
prominent,  irregular,  with  relatively  coarse  spinelets,  without  inter- 
vening bands  of  pedicellarlae;  costae  coniBned  to  basal  fifth  of  ray, 
beyond  which  for  an  equal  distance  are  about  16  very  inconspicuous 
ridges  composed  of  small  plates,  but  carrying  a  fairly  heavy  felting 
of  pedicellariae;  disk  large,  with  isolated  delicate  spinelets  not  in 
groups;  adambulacral  plates  proximally  wider  than  long  and 
crowded  in  appearance;  armature  typically  1  aboral  furrow  spinelet, 
1  aboral  actinal  spinule  and  1  longer  adoral  actinal  spine  (equal- 
ing 2  plates  in  length),  and  1  major  spine  about  3  plates  in  length. 
Rays  slender,  very  long;  R=385  mm.,  r=19  mm. 

Description. — Disk  large,  with  rounded  borders.  The  small, 
granulif orm  abactinal  plates,  with  solitary,  delicate  spinelets,  about 
0.75  mm.  long,  and  spaced  about  their  own  length,  give  the  abacti- 
nal surface  of  disk  a  very  finely  hirsute  or  downy  appearance. 
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Thickly  scattered  among  the  spinelets  are  relatively  large,  forcipi- 
form  pedicellariae  with  very  slender  jaws.  In  B.  anchista  the  pedi- 
cellariae  are  minute. 

Rays  very  long,  swollen  beyond  the  base  by  the  gonads.  Promi- 
nent costae  25  to  30  confined  to  basal  fifth  of  ray,  beyond  which 
for  an  equal  distance  are  about  15  very  inconspicuous  ridges  com- 
posed of  small  plates,  but  carrying  a  fairly  heavy  felting  of  pedi- 
cellariae. The  prominent  costae  are  in  the  form  of  narrow,  elevated, 
irregular  ridges,  bearing  comparatively  coarse  spinelets,  2  or  3  to  a 
plate.  No  intercostal  felted  bands  of  pedicellariae  until  beyond  the 
region  of  prominent  costae,  where  the  bands  occur  at  regular  inter- 
vals but  are  not  particularly  prominent.  Dorsal  integument  very 
thin.  No  integumentary  prickles.  About  5  closely  joined  lateral 
(or  marginal)  plates  at  base  of  ray,  beyond  which  on  the  first  promi- 
nent lateral  plate  is  a  tiny  sharp,  decidious  lateral  spine,  which  in- 
creases rapidly  in  length  until  at  the  outer  end  of  the  costal  region 
it  is  about  12  mm.  long  or  5.5  times  the  length  of  an  adambulacral 
plate.  The  lateral  spines  are  opposite  every  other  adambulacral 
plate  and  proximaUy  their  plate  forms  the  base  of  a  costal  arch. 
There  is  also  a  costal  arch  between  every  2  lateral  spines,  but  these 
have  no  prominent  marginal  plates,  as  do  the  alternate  arches. 

Adambulacral  plates  crowded ;  near  the  disk  viewed  from  the  side, 
their  height  equals  1.5  their  length,  and  width  actinally  equals  1.25 
times  length  measured  in  the  middle,  or  about  the  length  measured 
on  furrow  margin.  Opposite  the  last  prominent  costae  the  dimen- 
sions are  relatively  nearly  the  same  and  it  is  not  until  the  middle  of 
ray  that  the  length  begins  to  exceed  the  width.    The  typical  formula 

for  costal  region  is  — j .    Sometimes  the  formula  seems  to  be 

— ^ — ,  because  the  minor  aboral  spinule  (1)  moves  furrowward  and 

stands  close  to  the  true  furrow  spinelet  but  even  then  is  usually 
directed  at  an  angle  from  the  latter.  The  aboral  furrow  spinelet  is 
about  1.25  the  length  of  the  plate,  the  minor  aboral  actinal  spinule 
varying  from  slightly  more  to  slightly  less  than  the  above.  The 
large  actinal  spine  equals  3  plates  in  length  and  the  adoral  actinal 

spine  2.    On  the  outer  attenuate  part  of  ray  the  formula  is  — r-,  the 

adoral  actinal  spinelet  having  moved  fairly  into  the  furrow.  On 
some  the  large  spine  stands  exactly  in  the  middle,  the  formula  then 

being  -+I.    The  spines  are  all  fluted  and  richly  provided  with  pedi- 

cellariae,  which  also  occur  on  the  surface  of  the  plate. 

Mouth  plates  with  the  following  armature:  a  furrow  spine  at  either 
end  of  the  furrow  margin  about  equal  in  length  to  width  of  com- 
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bined  plates  at  middle;  an  actinostomial  spinelet  just  mesad  to  the 
base  of  the  inner  furrow  spine ;  at  outer  end  of  plate  a  long  acicular 
suboral  spine  usually  joined  with  its  fellow  in  a  common  sheath 
which  is  prolonged  beyond  the  tip.  All  are  heavily  clad  with  pedi- 
cellariae. 

Madreporic  body  very  small,  on  rounded  margin  of  ray.  The 
articular  surface  of  the  pair  of  ambulacrals  of  the  disk,  where  a  ray 
has  been  broken  off,  is  oblong  elliptical  in  form,  not  oval  as  in  ^. 
trachydisca^  and  the  height  is  equal  to  IJ  times  combined  width. 

The  pedicellariae  are  distinctly  larger  than  those  of  B.  anchisto^ 
being  0.4  to  0.5  mm.  long.  In  the  case  of  the  pedicellariae  of  the 
furrow  spinelets,  the  proximal  serrate  portion  of  the  jaw  has  fewer 
teeth  than  in  anchdsta^  and  is  relatively  smaller  in  proportion  to  the 
length  of  the  jaw  (see  figures). 

The  papulae,  gonads,  first  adambulacral  and  first  marginal  plates 
as  in  generic  description. 

Type.— C&t  No.  3702J,  U.S.N.M. 

Type'loodUty.—StsLtion  5648,  Buton  Strait,  Celebes  (lat  5*^  35'  S.; 
long.  122^  20'  E.) ,  559  fathoms,  green  mud ;  bottom  temperature  39.2 "" 
F. 

Diatribution. — ^Known  only  from  type-locality. 

Remarks. — ^This  species  differs  from  Brisingra  instdarum  Alcock 
and  Wood-Mason  in  having  16  instead  of  13  rays,  isolated  disk  spine- 
lets,  not  tufts,  no  intercostal  ridges  of  pedicellariae,  more  numerous 
costal  ridges  (13-17  in  inaulanmi)^  a  small  madreporic  body,  much 
shorter  lateral  spines  (=  5.5  adambulacral  plates  as  against  10  or  12 
in  tThsvlamm) ,  somewhat  shorter  major  subambulacral  spine,  longer 
adoral  minor  subambulacral  spine.  If  I  understand  the  arrange- 
ments of  spines  correctly,  the  formula   for  insvlarum  would  be 

g-7^+1,  which  numerically  is  the  same  as  the  most  characteristic 

formula  of  mimioa,  B.  hengciensis  has  14  rays,  a  small  disk,  with 
the  abactinal  spinelets  in  tufts,  20  costae  occupying  basal  ninth  of 
the  ray,  and  intercostal  bands  of  pedicellariae  equally  salient  with 
the  ribs.  The  adambulacral  formula  is  similar  to  that  of  mimica^ 
but  the  minor  adoral  and  aboral  subambulacral  spines  are  not  half 
as  long  as  their  plate,  from  which  it  may  be  surmised  that  the  plates 
themselves  are  longer  than  in  mimica^  and  the  aforesaid  spines 
shorter.  They  may  also  be  true  furrow  spinelets  in  the  sense  I  have 
used  the  term,  in  which  case  the  formula  would  be  a  bit  unusual, 

-T  +  1'    Of  course  the  generic  position  of  B.  insvlarum  and  B.  benga- 

lenais  is  not  yet  ascertained. 

This  species  superficially  resembles  Stegnohriainga  placoderma^ 
which  I  have  placed  in  a  separate  genus.  The  types  of  both  spe- 
cies were  taken  at  the  same  haul. 
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BRISINGENES  ANCHISTA,  new  i 

Plate  146 ;  plate  153.  figs.  3,  Sor-d ;  plate  154,  fig.  4. 

Diagnosis. — Closely  resembling  B,  mirrdca^  but  diflfering  in  having 
14  rays,  smaller  pedicellariae,  of  which  the  proximal  serrate  portion 
of  each  blade  has  more  numerous  teeth,  and  is  of  different  form;  in 
having  more  numerous  and  more  regular  prominent  costae,  longer 
costal  region,  longer  oral  spines  at  mouth  of  furrow,  longer  mouth 
plates,  and  decidedly  larger  articular  surface  to  the  ambulacral  plates, 
where  ray  is  detached  from  disk.    Adambulacral  armature  typically 

— J — .     Breadth  of  disk=4J  times  width  of  ray  at  base;  actino- 

stome=3  times  same;  height  of  disk=breadth  of  ray  at  base.  E= 
360+mm.,  r=19  mm.  (tip  of  ray  missing).    Kays,  14. 

Description. — ^Disk  covered  with  fine  spinelets,  1  to  a  plate,  spaced 
about  their  own  length  (0.5  mm.)  apart  and  decreasing  very  slightly 
in  length  toward  the  center  of  disk.  Many  of  the  spinelets  have  a 
small  pedicellaria  attached  to  them,  distinguished  from  those  of  S. 
placoderma  and  B.  mindca  by  difference  in  form  and  smaller  size. 
The  margin  of  disk  is  rounded  and  at  the  base  of  each  ray,  on  this 
rounded  border,  are  a  couple  of  prominent  papulae. 

Bays  long,  distally  slender,  swollen  beyond  the  base  into  a  de- 
pressed genital  region.  The  difference  in  the  costal  region  between 
mimica  and  ancMsta  is  not  great,  but  easily  discernible,  especially  if 
the  rays  are  placed  side  by  side.  In.  ancMsta  there  are  about  40 
prominent  costae  which  occupy  the  proximal  fourth  of  the  ray,  and 
in  addition  there  are  about  10  or  12  very  slender  ridges  beyond  these. 
The  costae  are  straighter;  that  is,  less  sinuous,  as  a  rule,  than  in 
miwica^  and  the  inconspicuous  distal  costae  are  fewer  and  occupy 
less  space.  There  is  little,  if  any,  difference  in  the  structure  of  the 
ridges  themselves.  In  a  few  of  the  proximal  intercostal  spaces  are 
single  rudimentary  bands  of  pedicellariae.  Usually  the  intercostal 
spaces  are  without  such  bands.  There  is  a  subtriangular  marginal 
plate  opposite  every  other  adambulacral;  and  opposite  each  inter- 
vening plate  is  a  costal  ridge  which  has  no  enlarged  lateral  plate  and 
usually  does  not  touch  the  adambulacral.  The  first  lateral  spine  is 
opposite  about  the  fifteenth  adambulacral  plate  and  only  1  mm.  long. 
At  the  end  of  the  region  of  prominent  costae  tliey  are  about  10  mm. 
long,  or  the  length  of  4  consecutive  plates;  opposite  the  last  rudi- 
mentary rib  they  are  16  mm.  long  or  6i  adambulacral  plates  in  length. 
They  have  a  heavy  membranous  investment. 

Proximal  adambulacral  plates  wider  than  long  with  an  armature 
very  similar — almost  identical — ^to  that  of  B.  mimica.    The  typical 

formula  is — j — •   The- principal  variations  are  occasionally  an 

— J —  y  or  the  aboral 
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spinule  moves  nearer  the  furrow  spinule,  so  that  the  formula  is  more 

properly  —7-  •  The  aboral  furrow  spine  is  a  little  longer  than  the 

chord  of  the  furrow  margin  and  slightly  longer  than  the  adjacent 
subambulacral  spinule.  The  adoral  subambulacral  spine  is  usually 
about  two  plates  long,  measured  in  the  middle  of  the  actinal  sur- 
face. The  major  spine  is  rather  short,  being  2  to  2^  plates  in  length 
at  base  of  ray,  and  3  at  the  end  of  the  costal  region.  The  saccular 
investment  of  the  spines  is  conspicuous,  often  forming  a  wide  flange 
or  sheet  of  tissue.  Sometimes  several  major  subambulacral  spines  are 
joined  together  by  their  sacculi  (by  means  of  pediceUariae)  so  that  the 
spines  appear  to  be  merged  in  an  actinolateral  membrane. 

The  mouth  plates  are  longer  than  those  of  mimioa  and  the  spine 
which  is  directed  across  the  mouth  of  the  furrow  reaches  the  other 
gide,  being  longer  and  stouter  than  in  minUca.  There  is  a  short 
actinostomial  spinelet  and  a  short  aboral  furrow  spinelet.  The  slen- 
der, acicular,'suboral  spine  stands  at  the  extreme  outer  end  of  the 
plate  and  is  usually  invested  in  a  common  saccxilus  with  its  fellow,  as 
shown  in  the  figure. 

Madreporic  body  on  the  margin,  rather  small,  and  surrounded  by  a 
zone  of  plates  free  from  spinelets.  The  articular  surface  of  the  am- 
bulacral  plates,  where  a  ray  has  been  broken  from  disk,  is  unusually 
large,  the  height  of  the  pair  being  1|  times  the  width,  and  about  1^ 
times  that  of  the  same  structure  in  B.  ndmica  (the  disks  are  almost 
exactly  the  same  size).    The' figure  will  best  show  the  exact  form. 

Gonads,  first  adambulacral  plates,  and  first  marginal  plates  as  in 
generic  diagnosis. 

PediceUariae  are  best  recognized  from  the  figures.  They  are  every- 
»There  smaller  than  in  B.  mimica.  A  disk  pedicellaria  is  about  0.25 
to  0.28  mm.  long  (0.45  mm.  in  mimica)  and  the  proximal  serrate  por- 
tion is  longer  in  proportion  to  the  length  of  the  jaw.  In  the  case  of 
the  pediceUariae  from  the  furrow  spinelets,  the  difference  is  even 
more  noticeable  (0.22  to  0.27  mm.  in  length,  with  more  numerous 
teeth  in  the  serrate  portion) .  Compare,  also,  figures  of  pediceUariae 
from  marginal  mouth  spines. 

Type.—Csit  No.  37033,  U.S.N.M. 

Type-locality.— Sts.iion  5648,  Buton  Strait,  Celebes  (lat.  S*'  35' 
S.;  long.  122°  20'  E.),  559  fathoms,  green  mud;  bottom  temperature, 
39.2*^  F. 

Distribution. — ^Klnown  only  from  the  type-locality. 

Remarks. — ^This  species  might  easily  be  confused  with  B.  mimica^ 
and  superficially  it  greatly  resembles  also  Stegnohrisinga  placo- 
derma.  The  types  of  all  three  were  taken  at  the  same  haul,  and  loose 
arms  were  thoroughly  mixed  together.  In  the  absence  of  disks, 
B.  a/nchista  may  be  distinguished  from  B.  mimica  by  the  size  and 
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form  of  the  pedicellariae,  and  by  the  more  numerous  prominent 
costae.  The  other  differences  have  been  fully  detailed  in  the  diag- 
nosis and  description.    (See  also  the  key.) 

Genus  BRISINGELLA  Fisher. 

BriaingeUa  Fisheb,  1917/,  pp.  423,  427»  figs.  5  and  6.   Type,  Brisinffa  fragUis 
Fisher. 

Diagnosis. — Differing  from  typical  Brisinga  in  having  only  one 
gonad  on  either  side  of  each  ray;  in  having  the  first  adambulacral 
plate  separated  from  that  of  the  adjacent  ray  by  the  outer  ends  of  the 
combined  mouth  plates;  in  having  the  interradial  pair  of  marginal 
plates  joined  only  by  the  adoral  ends,  and  forming  a  Y  -shaped  struc- 
ture with  the  unpaired  interradial  plate.  Rays  slender,  usually  very 
deciduous,  a  nonmuscular  symphysis  or  syzygy  uniting  the  first  and 
second  adambulacral  plates,  and  the  dorsal  part  of  the  second  and 
third  ambulacral  plates ;  adambulacral  plates  longer  than  broad,  with 
few  or  no  furrow  spinelets,  and  a  sharp,  immodified,  subambulacral 
spine;  integument  of  disk  thin,  weak;  mouth  plates  small,  with  small 
suboral  spine ;  entrance  of  furrow  from  actinostome  br/oad. 

ReTTbarks. — ^This  genus  includes  a  number  of  species  of  the  old  genus 
Brisinga  which  are  very  distinct  from  the  type,  B.  endeodcnemos. 
They  are  outwardly  distinguishable 'by  the  delicate  rays  which  are 
very  deciduous,  by  the  delicate  dorsal  skeleton,  both  of  disk  and  of 
rays,  by  the  thin  disk,  and  more  definitely  by  the  fact  that  the  first 
adambulacral  plate  is  not  imited  with  its  neighbor  of  the  adjacent 
lay,  but  is  separated  by  the  outer  end  of  the  combined  mouth  plates. 
Correlated  with  this  the  first  marginal  plate  is  not  joined  to  its 
vis-k-vis,  as  in  typical  Brisinga^  forming  thus  a  pair  of  plates,  snugly 
apposed,  above  the  closely  apposed  first  adambulacrals.  But  instead 
they  join  only  by  their  adoral  or  inner  ends,  and  with  the  interradial 
plate  form  a  Y-shaped  structure,  the  two  arms  of  which  represent 
the  first  marginal  plates,  while  the  acute  angle  represents  the  inter- 
brachial  angle  bounded  by  these  plates.  If  the  lateral  face  of  a  disk 
which  has  lost  several  rays  is  examined  it  will  be  noted  that  the  rays 
have  broken  at  the  syzygial  or  nonmuscular  symphysis  between  the 
first  and  second  adambulacral  plates.  In  Brisinga  one  sees  2  distal 
facets  close  together  and  immediately  above  them  2  smaller,  usually 
unequal,  closely  joined  facets — ^the  distal  ends  of  the  first  marginal 
plates.  The  2  lower  (adambulacral)  facets  are  slightly  spaced.  In 
Brisingella  the  adambulacral  and  marginal  plate  of  each  ray  are 
joined,  the  latter  above  the  former,  but  never  those  of  adjacent  rays. 
Always  the  interbrachial  angle  or  sinus  extends  to  the  proximal  end 
of  the  plates  and  keeps  those  of  adjacent  rays  apart. 

More  important  still,  in  Brisinga  the  gonads  are  numerous  in  each 
ray  and  form  a  series  of  independent  bodies  along  either  side  of  the 
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genital  region.  In  Briaingetta  there  are  always  2  gonads  to  each  ray, 
and  although  they  may  be  branched  each  gonad  has  but  a  single 
aperture  on  the  side  of  the  ray  at  a  little  distance  from  the  base  (see 
Sars,1876,pl.  Ijfig.  12a). 

BrismgeUa  includes  the  following  species:  B,  fragUis  (Fisher), 
B.  caronata  (G.  O.  Sars),  B,  exUis  (Fisher)),  B.  ptisiUa  (Fisher), 
B.  tenella  (Ludwig),  and  probably  the  following  species  described 
by  Sladen;  B.  verticiUata^  B.  amUlUUa^  B.  discmcta^  and  B.  mem- 
hranacecu  B.  mediterranea  (Perrier)  probably  belongs  in  this  genus, 
although  the  gonads  are  not  described. 

In  his  paper  entitled  Researches  on  the  Structure  and  Affinity  of 
the  Genus  Brisinga,  based  on  the  study  of  a  new  species,  Brisinga 
coronata,  G^rge  Ossian  Sars  describes  and  beautifully  figures  the 
anatomy  of  BriringeUa  coronata  and  Brisinga  endecacnemos.  The 
former  is  a  typical  BrisingeUa^  and  the  special  differential  charac- 
ters are  clearly  shown  on  plate  3  (several  figures  of  the  gonads  in 
situ  and  removed)  and  plate  4,  figures  4,  6,  6  (characters  of  fiirst 
adambulacral,  marginal,  and  interradial  plates) ;  plate  5,  figures  1, 
2,  11,  12,  15  (same  ossicles).  For  comparison,  plate  7  of  the  same 
work  is  valuable,  as  the  serial  gonads  (fig.  18)  and  the  plates  of  the 
actinostomial  ring  and  base  of  rays  (figs.  2,  6,  8,  and  9)  of  Brisinga 
endeceumemos  are  clearly  shown.  Figure  18  may  be  compared  with 
figure  4,  plate  8;  figure  7  with  figure  1,  plate  4;  figures  8  and  9  with 
figures  4,  6,  and  5,  of  plate  4. 

BBIBINGELLA  FRAGHJS  (Fisher). 

Plate  1S6,  figs.  8,  3a. 

BriHnga  fragiHa  Fisheb,  1906,  p.  1116,  pL  46,  fig.  1;  pi.  48,  figs.  3,  Sor-c. 
Brisingetla  fragUis  FismcB,  1917A  p.  423,  figs.  5  and  6,  p.  427. 

One  specimen  from  station  5128,  east  of  Mindoro,  288  fathoms, 
green  mud ;  8  detached  rays,  only. 

There  is  no  disk,  so  that  the  number  of  rays  can  not  be  ascertained. 
The  secondary  costae  are  almost  obsolete  as  in  variation  A  described 
and  figured  in  the  above  citation.  There  seems  to  be  only  1  (adoral) 
furrow  spinelet  throughout  the   ray,  and   1   comparatively   smaU 

subambulacral  spine,  the  formula  being     ^-  or  -r  +  /.      In  typical 

fragUis  the  first  few  adambulacral  plates  have  an  aboral  furrow 

spinelet  thus  -  .-  ,  this  extending  a  variable  distance  along  the  ray 

in  the  varieties.  The  pedicellariae  of  the  Philippine  specimens  are 
like  those  of  the  Hawaiian. 

Type-locality. — Station  8824,  south  coast  of  Molokai  Island,  Ha- 
waiian Islands,  222-498  fathoms,  coral  rocks,  broken  shells. 

Distribution. — Hawaiian  and  Philippine  Islands,  258-387  fathoms. 
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Gema  ASTROSTEPHANE  Fisher. 

AstroatepMne  Fisher,  1917/,  pp.  421,  422,  figs.  3  and  4.    Type.  Britinga 
moluccana  Fisher. 

Diagnosis. — Differing  from  typical  Brisinga  in  having  but  2 
gonads  to 'a  ray,  and  the  proximal  adambulacral  plates  longer  than 
high,  as  in  BrisingeUa.  In  appearance,  especially  that  of  rays,  closely 
resembling  BrisingeUa^  but  differing  in  having  the  first  adambulacral 
plate  tightly  joined  for  its  whole  length  to  that  of  the  adjacent  ray, 
and  in  having  directly  above  these  a  closely  joined  pair  of  first  mar- 
ginal plates,  as  in  Brisinga^  Oraterohrisin^aj  Brisingenes^  and  Stegno- 
brisinga;  in  having  very  prominent  suboral  spines  bent  at  the  base 
so  that  they  extend  horizontally  into  the  actinostome.  A  nonmuscu- 
lar  joint  or  syzygy  between  the  first  and  second  adambulacral  plates 
and  between  the  upper  part  of  the  second  and  third  ambulacral 
plates;  costae  thin,  well  spaced;  intercostal  integument  without 
spinelets  and  rather  delicate;  only  1  subambulacral  spine;  gonads 
large,  with  numerous  lobes  emptying  by  a  single  aperture  just  above 
the  ambulacral  plates,  a  little  over  2  r  from  the  base  of  ray;  disk 
with  close-set,  small  spinelets. 

Remarks. — ^It  seems  probable  that  this  genus  is  more  nearly  related 
to  BrisingeUa  than  to  Brisinga.  Fortunately,  there  are  two  very 
distinct  species,  so  that  the  characters  given  in  the  diagnosis  as  of 
generic  value  are  probably  reasonably  accurate. 

If  it  is  contended  that  the  condition  of  the  interradial  pair  of 
adambulacral  plates,  whether  separated  (BrisingeUa^  AstroUnM)  or 
united  (Brisinga,  Craterobrisinga,  Stegnohrisvnga,  Astrostephane) , 
is  dependent  upon  the  number  of  rays,  it  may  be  stated  that  A. 
acant?u)genj/s,  with  11  rays,  has  the  plates  as  tightly  joined  as  A. 
moluccana,  with  16  ra^s.  In  BrisingeUa,  where  this  interradial  pair 
of  adambulacrals  is  separated  by  the  outer  end  of  the  combined 
mouth  plates,  so  that  they  do  not  touch  by  the  lateral  faces,  the  first 
marginal  plates  have  a  difl^erent  relation,  also.  They  form  a  x 
with  the  unpaired  interradial  plate,  each  arm  being  applied  to  the 
upper  edge  of  the  first  adambulacral  plate,  and  the  angle  of  the  x 
being  that  of  the  interradius.  In  Craterohrisinga  dlherti  (Hawaiian 
Islands),  which  has  9  rays  (less  than  in  BrisingeUa  fragHis),  the 
mouth  plates  do  not  separate  the  first  or  interradial  pair  of  adambu- 
lacrals as  might  be  expected  if  the  number  of  rays  only  determined 
the  characteristic  structure  of  the  interradial  angle  of  BrisingeUa. 
The  proximal  part  of  the  plates  in  dlherti  are  normally  joined,  and 
the  closely  apposed  first  pair  of  marginals  has  slipped  down  between 
the  outer  ends  of  the  adambulacrals,  cementing  firmly  the  ring  of 
plates.  There  is  no  hint  of  the  separation  of  the  marginals  to  form 
the  X  of  BrisingeUa. 
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KIT  TO  THX  8PBCII8  OW  ABTSOBnPHAMl  HIBBIK  DBBCEIBBD. 

a\  Rays  10,  with  prominent,  complete  costae  and  1  to  8,  usually  S,  conspicu- 
ous Intercostal  bands  of  pedlcellariae ;  disk  medium  sized,  with  abruptly 
rounded  (not  beveled)  margin;  actlnostome  relatively  very  large;  1  sub- 
oral  spine  to  each  mouth  plate;  disk  plates  with  solitary  splnelets  only; 
lateral  spines  equal  In  length  to  5  or  6  consecutive  adambulacral  plates; 

adambulacral  armature  V—   or  ^i- moluccana,  p.  526. 

a\  Bays  U,  with  about  20  complete  prominent  costae  and  1  complete  and  1  or  2 
incomplete  bands  of  Intercostal  pedlcellariae ;  disk  decidedly  small,  with  a 
beveled  margin;  actlnostome  relatively  small;  2  large  suboral  spines  to 
each  mouth  plate;  disk  plates  with  1,  2,  and  3  small  splnelets  in  about 
equal  numbers ;  lateral  spines  equal  in  length  to  7  or  8  consecutive  adam- 
bulacral plates ;  adambulacral  armature  jij:^ acanthogenya,  p.  528. 


ASTROSTEPHANE  MOLUCCANA  ] 

Plate  147,  figs.  1,  2 ;  plate  149,  fig.  3 ;  plate  154,  figs.  2,  2ar-c ;  plate  156,  figs.  2,  2a. 

BriHnga  moluooana  Fisheb,  19166,  p.  82. 

Astrostephane  moluccana  Fisheb,  1917/,  pp.  421,  422,  figs.  3  and  4. 

Diagnosis. — ^Kays  16.  Costae  25,  complete,  prominent,  well-spaced, 
with  1  to  3  intercostal  bands  of  pedicellariae ;  costal  spinelets  rela- 
tively coarse;  disk  medimn,  with  isolated,  papilliform,  small  spine- 
lets,  and  minute  pedicellariae;  adambulacral  plates  about  as  wide 

as  long,  proximally;  armature  typicaUy  t-— ^  or  — r^.    Costal  area 

swollen,  occupying  somewhat  more  than  basal  third  of  ray;  integu- 
ment thin,  devoid  of  prickles.  Breadth  of  disk=5  times  width 
of  ray  at  base  (6  mm.) ;  actinostome=8i  times  same;  height  of 
disk=breadth  of  ray  at  base.  R=410  mm.,  r=15  mm.  (ray  perfect, 
with  long  attenuate  extremity). 

Description. — Disk  medium  sized,  with  abruptly  rounded  margin; 
abactinal  integument  fairly  thin.  The  spaced,  granulif orm  abactinal 
plates  each  with  1  papilliform  spinelet  about  0.5  mm.  long,  or  less, 
the  calcareous  part  of  which  is  delicate  and  sharp.  The  investment 
gives  the  spinelets  a  stubby  cylindrical  form;  some  appear  to  be 
scarcely  longer  than  granules.  Around  the  base  of  each  are  6  or  6 
very  minute  pedicellariae.  The  spinelets  around  the  anal  aperture 
are  longer  than  the  others. 

Rays  swollen  throughout  costal  region,  which  occupies  more  than 
a  third  and  less  than  a  half  the  length  of  ray.  Costae,  about  25,  very 
prominent,  well  spaced  (for  half  or  a  third  width  of  ray).  They 
are  all  complete,  being  opposite  alternate  adambulacrals  and  are 
frequently  bent  or  bowed  aborad.  Between  them  are  from  1  to  8, 
usually  3,  broad,  conspicuous  bands  of  minute  pedicellariae,  which 
are  continued  beyond  the  costal  region,  slightly  more  frequently  than 
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1  to  each  adambulacral  plate.  The  membrane  between  the  ridges  is 
thin  and  without  integumentary  prickles.  The  costae  are  com- 
pressed, higher  than  thick,  and  along  the  simmiit  is  a  row  of  com- 
paratively coarse,  conical  spinelets  (one-third  to  one-half  total  height 
of  the  ridge),  spaced  in  twos  and  threes.  First  lateral  spine,  usually 
at  second  complete  costal  ridge,  acicular,  sharp,  equal  in  length  to 
1^  or  2  adambulacral  plate&  On  the  outer  third  of  the  costal  area 
the  spines  Are  equal  in  length  to  5  consecutive  adambulacral  plates 
(12  mm.)  and  increases  to  6  at  the  beginning  of  the  distal  third. 

Adambulacral  plates  of  costal  region  about  as  long  as  wide.  The 
armature  consists  of  a  true  furrow  spine  at  either  end  of  the  plate 
and  equal  to  about  two-thirds  length  of  plate;  aborad  and  actinad 
to  the  adoral  spine  is  a  slightly  shorter  one,  generally  pointed  away 
from  the  furrow;  the  large  actinal  spine,  equal  to  2  to  3  plates  in 
length,  is  situated  on  the  aboral  half  of  the  plate.    The  formula  is 

^y,  but  on  the  outer  half  of  ray  is  j+A  the  small  adoral  second 

spinelet  disappearing,  while  the  large  actinal  spine  moves  to  the 
middle  of  the  plate.  The  distal  plates  are  also  longer  than  wide, 
as  is  generally  the  case.    On  some  of  the  proximal  plates  the  formula 

would  stand  -tt^  .    The  spines  are  incased  in  a  sheath  armed  with 

minute  pedicellariae. 

Mouth  plates  small,  with  1  spine  at  each  end  of  the  excavated 
furrow  margin,  nearly  as  long  as  the  plate.  The  inner  of  these  two 
is  strongly  bent  at  the  base.  Just  mesad  to  it  is  a  small  actinostomial 
spinelet,  about  half  its  length.  The  suboral  spine,  fluted  and  sharp, 
is  strongly  bent  at  the  base,  so  that  with  its  fellow  it  is  pointed 
horizontally  across  the  actinostome.  The  pedicellariae  are  grouped 
along  one  side  only  of  the  spines,  and  the  sheaths  are  thin. 

Madreporic  body  convex  and  prominent,  1.5  mm.  in  diameter.  On 
the  adcentral  border  is  a  conspicuous,  nearly  naked  area  composed 
of  7  plates.  The  articular  surface  of  the  ambulacrals,  where  a  ray 
has  been  broken  off,  is  about  as  broad  as  high,  and  the  scar  of  each 
plate  is  ovoid  in  outline,  the  lower  ends  being  bent  away  from  each 
other.  Gonads,  first  adambulacral  plates,  first  marginal  plates  as  in 
generic  diagnosis. 

Type.— Cfit  No.  37022,  U.S.N.M. 

Type-locality. — Station  5626,  between  Gillolo  and  Kayoa  Islands, 
Molucca  Islands,  265  fathoms,  gray  mud,  fine  sand ;  1  specimen. 

Distribution. — Vicinity  of  Celebes  and  Molucca  Islands,  265  to 
559  fathoms. 

Specimens  examined. — ^The  type  and  1  arm  from  station  5648, 
Buton  Strait,  Celebes,  559  fathoms,  green  mud ;  bottom  temperature, 
39.2^  F. 
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liem/irks. — ^This  species  has  more  numerous  rays  than  any  of  the 
4  species  described  by  Alcock,  none  of  which  have  isolated  spinelets 
on  the  disk,  nor  a  similar  adambulacral  armature  formula,  with  2 
furrow  spinelets  adorally.  CrcLterohrimiga  evermanm  Fisher  of 
the  Hawaiian  Islands  resembles  the  present  species  but  differs  in  hav- 
ing 15  rays,  no  adoral  furrow  spineletf  formula —  or j 

very  much  slenderer  and  shorter  suboral  spines  which  are  not  bent 
at  the  base;  only  a  rudimentary  aboral  marginal  mouth  spinelet,  or 
none.  The  superficial  appearance  of  the  rays  is  very  similar,  but 
the  ray  of  moluccana  is  more  depressed  and  relatively  broader  than 
is  usual  in  evemumni.  The  condition  of  the  gonads  and  first  few 
subambulacral  spines  is  quite  different  in  the  2  species,  as  their 
generic  position  indicates. 

ASTBOSTBPHANB  ACANTH0GBNT8  VtelMr. 

Plate  148,  figs.  1-3;  plate  153,  figs.  1,  lor-d. 

BrMnga  aoanthogenys  Fishes,  1916&,  p.  88. 
Astrostephane  acanthogenya  Fishkr,  1917/,  p.  421. 

Diagnosis. — Rays  11.  Costae  20,  complete,  prominent,  well-spaced, 
with  1  complete  and  1  or  2  incomplete  bands  of  intercostal  pedi- 
cellariae;  costal  spinelets  fairly  prominent,  few  in  number;  disk 
small,  with  beveled  margin ;  plates  granulif  orm,  spaced,  with  usually 
2  or  3  very  small  spinelets,  but  no  pedicellariae;  lateral  spines  long, 
equaling  length  of  7  or  8  adambulacral  plates;  no  integumentary 
prickles  on  rays ;  adambulacral  plates  about  as  wide  as  long  proxi- 

mally;  armature  proximally    ,\t:j\  mouth  plates  with  2  suboral 

spines.  Breadth  of  disk=3i  times  width  of  ray  at  base  (6  mm.), 
actinostome=2i  times  same;  height  of  disk=three- fourths  breadth 
of  ray  at  base.    R=850  mm.  (complete  ray),  r=ll  mm. 

Description. — ^Disk  small,  the  abactinal  surface  scarcely  at  all 
raised  above  abactinal  surface  of  ray;  margin  beveled.  The  tiny 
granulif  orm  platelets  bear  1  to  8  extremely  small,  delicate,  and  sharp 
spinelets,  which  by  reason  of  their  membranous  sheaths  appear  to 
be  rather  robust,  tapering,  and  pointed.  In  the  central  part  of  the 
disk  they  are  0.25  to  0.3  mm.  long,  decreasing  gradually  toward  the 
border,  and  are  spaced  about  one-half  to  their  own  length ;  pedicel- 
lariae seem  to  be  lacking. 

Costal  region  swollen,  occupying  not  quite  one-third  length  of  ray. 
Costae  20,  complete  as  a  rule,  except  in  the  case  of  the  first  2  or  8; 
well  spaced,  prominent,  fairly  straight,  and  armed  rather  sparsely 
with  sharp  conical  spinelets,  about  half  as  high  as  the  ridge.  The 
ridges  are  spaced  a  distance  equal  to  three-fourths  to  once  the  width 
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of  ray  at  base,  and  midway  between  them  is  a  broad  band  of  micro- 
scopic pedicellariae,  with  an  incomplete  band  on  either  side  of  this, 
proceeding  from  the  adambulacral  plates  a  variable  distance  toward 
.  the  median  line.  The  costal  ridges  are  also  covered  with  pedicella- 
riae,  and  beyond  the  costal  region  the  broad  bands  occur  quite  regu- 
larly opposite  each  lateral  spine,  with  1,  rarely  2,  between;  hence 
1  opposite  each  adambulacral  plate.  Lateral  spines  very  prominent 
and  longer  than  in  A.  moluccana,  which  this  species  resembles.  The 
first  spine,  at  the  ends  of  the  second  or  third  rib,  is  quite  short, 
slender,  and  sharp.  The  succeeding  spines  often  stand  out  rigidly 
from  the  sides  of  the  ray  and  occur  regularly  above  every  other 
adambulacral  plate  articulated  to  a  prominent  boss  of  the  lateral 
plate.  They  attain  their  full  length  in  the  distal  half  of  the  costal 
region,  where  they  are  about  20  mm.  long,  or  the  length  of  7  to  8 
consecutive  adambulacral  plates. 

Proximal  adambulacral  plates,  viewed  from  the  side,  are  distinctly 
lower  than  long,  and  they  are  a  trifle  longer  than  broad.  On  account 
of  the  adoral  furrow  spine,  the  margin  appears  deeply  excavated. 
The  adambulacral  armature  consists  of  1  true  furrow  spinelet  at  each 
end,  nearly  as  long  as  the  plate,  1  adoral  minor  subambulacral 
spinule  a  little  longer  than  the  plate,  and  a  major  subambulacral 
spine  situated  on  a  prominence  of  the  aboral  half  of  the  plate.  It  is 
equal  to  8^  or  4  adambulacral  plates  in  length  and  forms  an  oblique 
series  with  the  subambulacral  spinule  and  the  adoral  furrow  spine- 
let.    The  formula  is  -r— y.    On  the  outer  part  of  the  ray  it  is  V^ 

/%  

or  j  +  I*    This  armature  resembles  that  of  A.  moluccanaf  but  the 

actinal  spinule  is  farther  from  the  furrow  and  longer.  The  lateral 
and  adambulacral  spines  have  a  thin  feltiug  of  pedicellariae  which 
are  usually  lacking  on  the  side  of  the  spine  nearest  furrow  in  the  case 
of  the  big  spines. 

The  armature  of  the  mouth  plates  is  as  follows :  Directed  over  the 
furrow  at  either  end  of  the  plate  is  a  slender  furrow  spine,  and  mesad 
to  the  inner  one  a  little  actinostomial  marginal  spine  about  half  as 
long;  in  the  middle  of  the  actinal  surface  is  a  tapering,  sharp,  glassy 
tipped  suboral  spine  about  2^  times  the  length  of  plate  and  sheathed 
witB  membrane  covered  with  pedicellariae.  Between  this  and  the 
outer  end  of  the  plate  there  is  usually  a  second  subambulacral  spine, 
varying  from  slightly  more  than  the  length  of  the  plate  to  the  size 
of  the  primary  suboral.  The  suboral  spines  are  usually  bent  over 
the  actinostome. 

Madreporic  body  circular,  very  prominent  but  flat-topped,  with  2 
nearly  equal,  naked  or  only  slightly  armed  plates  on  ite  inner  border. 
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Articular  surface  of  the  ambulacral  plates  at  junction  of  ray  with 
disk  considerably  broader  than  high.  Each  scar  is  rather  oval  in 
contour,  and  the  lower  ends  do  not  diverge  very  markedly  from  the 
median  vertical  suture.  Gonads,  first  adambulacral  plates,  and  first 
marginal  plates  as  in  generic  description. 

Type.— Cat  No.  87023,  U.S.N.M. 

Type-locality. — Station  5440,  mouth  of  Lingayan  Gulf,  Luzon,  172 
fathoms,  fine  gray  sand,  globigerina,  bottom  temperature,  53.2°  F. ; 
1  specimen. 

Distribution. — ^Known  only  from  the  type-locality. 

Remarks. — ^This  species  resembles  A.  moluccana^  but  has  only  11 
rays,  a  much  smaller  disk  with  a  beveled  border,  and  1  to  3  minute 
spinelets  to  each  plate  of  the  disk,  instead  of  oily  1,  no  abactinal 
disk  pedicellariae,  much  longer  lateral  spines,  and  the  minor  sub- 
ambulacral  spinule  is  larger,  as  well  as  further  from  the  adoral 
furrow  spinelet.  There  are  2  suboral  spines,  relatively  larger  than 
in  Tnoluccoffui. 

Genus  STEGNOBRISINGA  Fisher. 

Htegndbrisinga  Fishes  (sabgenus),  19165,  p.  33;  1917/,  pp.  423,  428.    Type, 
Brisinga  {Stegnobrisinga)  placoderma  Fisher. 

Diagnosis. — ^Resembling  Brisinga  in  general  appearance,  and  espe- 
cially in  having  definite  transverse  skeletal  ridges,  or  costae,  on  the 
genital  region,  but  differing  in  having  the  integument  between  the 
costal  arches  of  ray  strengthened  by  many  close-set,  mostly  contigu- 
ous or  sometimes  overlapping,  papery,  spineless  plates  of  irregular 
form,  completely  filling  the  interspaces;  in  having  2  gonads  to  each 
ray.  Proximal  subambulacral  spines  acicular;  first  adambulacral 
plate  and  first  marginal  plate  joined  for  their  whole  length  to  the 
respective  plates  of  adjacent  ray;  thus  there  are  4  closely  joined 
plates  in  each  interradius;  a  nonmuscular  symphysis,  or  syzygy, 
uniting  first  and  second  adambulacral  plates  and  between  the  upper 
parts  of  the  second  and  third  ambulacral  plates,  as  in  Brisinga. 

Remarks. — ^The  numerous  prominent  costae  will  at  once  separate 
this  genus  from  Freyella  and  Freyellaster^  while  the  number  of  gon- 
ads, 2  to  a  ray,  is  an  added  distinguishing  feature  so  far  as  Freyel- 
taster  is  concerned.  The  structure  of  the  first  adambulacral  plates, 
and  the  presence  of  proximal  marginal  plates  will  sharply  distinguish 
Stegnobrisinga  from  Freyella. 

The  genus  Astrolirus,  type  Brisinga  panam^ensis  Ludwig,  differs 
from  Stegnobrisinga  in  having  the  first  adambulacral  plates  and  first 
marginal  plates  arranged  as  in  BrisingeUa,  and  in  having  slenderer 
adambulacral  plates,  which  proximally  are  not  higher  than  long. 
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8TBGN0BBI8IMGA  PLACODERMA   (FtolMr). 

Plate  150 ;  plate  153,  figs.  2, 2a-d. 

Brisinffa  (SteffnohriHnga)  placoderma  Fisher,  1916&,  p.  S4. 
Diagnosis. — ^Rays  18  or  14.  Costae  85-40,  close  together,  and  not 
very  prominent;  the  intercostal  areas  paved  with  close-set,  irregular, 
often  overlapping,  papery  plates  devoid  of  spinelets;  costal  arches 
fairly  regular  and  parallel,  opposite  every  adambulacral,  or  occa- 
sionally more  frequent,  but  only  every  third  to  fifth  with  a  lateral 
spine;  disk  with  beveled  border  and  with  close-set  isolated  spinelets 
and  conspicuous  slender-jawed  pedicellariae ;  adambulacral  armature 

variable  ;  in  type  usually  — ^-^  or  — ^^ ;  subambulacral  spine  equal 

to  about  2J  or  8  adambulacral  plates  in  length.  Breadth  of  disk= 
3^-4  times  width  of  ray  at  base  (8  mm.) ;  actinostome=2J  times 
same;  height  of  disk=seven-eights  breadth  of  ray  at  base.  R=870+ 
mm.,  r=17  mm.  (small  portion  missing  from  tip  of  ray). 

Description. — ^Disk  moderately  large,  with  a  beveled  border  of 
conspicuous  width,  the  central  area  sunken  a  bit  and  plane.  Plates 
of  disk  small,  subcircular,  or  irregular,  and  convex.  Each  plate 
bears  a  single,  central,  sharp,  tapering  spinelet,  which  from  being 
sheathed  in  membrane  has  a  papillif orm  appearance.  These  spine- 
lets are  about  0.5  mm.  long  and  are  spaced  about  their  own  length 
apart.  In  the  type  about  a  third  of  the  plates  bear  also  a  relatively 
large  slender-jawed  pedicellaria,  about  as  long  as  the  spine,  and 
attached  to  the  plate  by  a  slender,  short  stem.  In  the  cotype  these 
pedicellariae  are  nearly  as  numerous  as  the  spinelets  and  are  a 
little  larger  than  those  of  the  type. 

Rays  very  long,  swollen  for  a  distance  from  base  equal  to  a  little 
over  twice  diameter  of  disk.  Costal  region  proper  extending  about 
8  times  diameter  of  disk  from  base,  which  is  also  about  the  extent 
of  the  area  paved  with  plates.  This  is  less  than  a  fourth  the  length 
»  of  ray,  but  none  of  the  rays  is  quite  complete.  For  a  little  over 
twice  the  diameter  of  disk  from  base  of  ray  the  costae,  85  to  40  in 
number,  are  close  together  and  fairly  regular,  1,  occasionally  2,  oppo- 
site each  adambulacral  plate.  The  lateral  spines  occur  only  at  the 
ends  of  every  third  to  fifth  arch — ^that  is,  with  1  or  2  adambulacral 
plates  between  them.  The  arches  corresponding  to  the  lateral  spines 
are  more  prominent  than  the  others,  especially  laterally.  Some  of 
the  intermediate  arches  are  rudimentary  or  incomplete  in  the  mid- 
dorsal  region.  The  costal  plates  are  irregularly  elliptical  or  some- 
times have  short  lateral  lobes  by  which  they  are  joined  to  the  inter- 
costal plates.  Costal  spinelets  short,  slender,  tapering,  sharp,  all  but 
hidden  in  alcoholic  specimens  by  the  thick  felting  of  slender- jawed 
pedicellariae.    The  intercostal  spaces  are  paved  with  thin  overlap- 
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ping  paperlike  plates  irregular  in  form.  Near  the  end  of  the  costal 
area  they  tend  to  thin  out  first  midway  between  2  costae,  and  at  the 
end  of  the  costal  area  there  is  a  transverse  band  of  thin,  unarmed 
integument  between  the  costae,  interrupted  in  the  specimen  from 
station  5274  in  the  middorsal  region,  where  the  thin  plates  extend 
beyond  the  costal  area  proper  for  a  distance  equal  to  1^  disk 
diameters. 

The  plates  of  these  rays,  which  have  a  very  swollen  costal  area, 
are  very  slightly  spaced ;  but  aside  from  this  the  plates  of  the  speci- 
men from  station  5274  are  more  closely  crowded,  which  is  due  to  their 
larger  size  rather  than  greater  numbers.  At  base  of  ray  there  is  a 
row  of  about  7  closely  placed  lateral  plates.  First  lateral  spine 
about  1  disk  diameter  from  base;  at  outer  end  of  costal  area  they 
average  4^  consecutive  adambulacral  plates  in  length  and  at  about 
twice  the  length  of  costal  area  from  disk  6^  or  7  adambulacral  plates 
(lft-18  mm.)  in  length. 

Adambulacral  plates  of  costal  area  wider  than  long  and,  viewed 

directly  from  the  side,  very  nearly  as  high  as  long.    The  armature  is 

somewhat  variable,  but  for  the  proximal  part  of  the  ray  is  usually 

ifi  '4'  Z        ifA'  I 
either  ^» —  or   .-  -  •    The  furrow  spinelet  at  either  end  of  plate 

(about  as  long  as  the  plate,  or  the  adoral  a  little  shorter)  is  accom- 
panied by  a  second  subequal  spinelet,  obliquely  actinad,  which  com- 
ports itself  more  like  a  furrow  than  an  actinal  spinelet.  The  adoral 
one,  however,  is  often  bent  away  from  the  furrow,  and  the  formula 

might  be  written  -r^jy  or  t-j-j  •       Some  plates  have  » — »  and  in  the 

AAA    ^.     T 

type  afew  x^Y — ^'  ^^  subambulacral  spine  is,  when  fully  devel- 
oped, 2^  to  3  adambulacral  plates  in  length  and  rather  less  than  half 
the  length  of  the  corresponding  lateral  spine.  The  lateral  and  adambu- 
lacral spines  are  thickly  covered  with  pedicellariae,  which  are  lacking  . 
on  the  side  of  the  large  subambulacral  spine  toward  the  furrow. 
The  furrow  spinelets  have  relatively  large  pedicellariae.     In  the 

specimen  from  station  6274  the  plates  have  a  variable  armature  -^ — 

ii-^I      j^            xi    i  +  I  1.  J.       .ii  +  I 
or  -. and  frequently  ■« — »  but  not  j-. 

Mouth  plates  small,  each  with  a  long  needlelike  suboral  spine  3^ 
to  4|  times  as  long  as  the  plate  and  very  heavily  sheathed.  On  some 
mouth  plates  the  sheath  seems  to  be  conunon  to  2  spines,  and  is 
always  very  thickly  covered  with  pedicellariae.  There  are  3  marginal 
spinelets,  1  about  as  long  as  the  plate  at  the  outer  end  and  another  at 
the  inner  end,  directed  across  furrow,  and  1  slightly  shorter  on  the 
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actinostomial  margin.  These  carry  numerous  slender- jawed  pedi- 
cellariae. 

Madreporic  body  prominent,  flat-topped,  with  numerous,  rather 
coarse,  interrupted,  sinuous  furrows.  The  articulation  surface  of 
the  ambulacral  plates  at  junction  of  ray  with  disk  is  about  as  broad 
as  high,  equally  broad  at  top  and  bottom  and  with  a  prominent 
median  suture. 

Type.— Gat.  No.  87025,  U.S.N.M. 

Type-locality. — Station  5648,  Buton  Strait,  Celebes,  559  fathoms, 
green  mud,  bottom  temperature  89.2®  F.;  the  type-specimen  and  2 
incomplete  specimens. 

Distribution. — China  Sea,  off  southern  Luzon,  and  Buton  Strait, 
Celebes,  525  to  559  fathoms. 

Specimens  exammed. — ^In  addition  to  the  types,  rays  without  a 
disk  from  station  5274,  China  Sea,  vicinity  of  southern  Luzon,  525 
fathoms,  gray  mud  and  sand,  bottom  temperature  41.8**  F. 

Remarks. — Brisinga  gracilis  Koehler,  from  the  Bay  of  Bengal, 
east  of  the  Andaman  Islands,  resembles  this  species  in  having  plates 
between  the  costae  and  at  the  base  of  the  ray  before  the  costae  com- 
mence, but  they  bear  spinelets.  Eoehler  does  not  state  that  the  plates 
are  close  together  nor  imusual  in  number,  as  in  the  case  of  the  present 
species.  However,  in  gracilis  the  costae  begin  at  a  distance  from  the 
disk  and  the  ^^  plates  which  were  invisible  on  the  dorsal  surface  of 
the  disk  become  distinct  on  the  rays;  they  are  irregular,  roundish, 
and  bear  each  a  little  conical  spinelet,  rough  and  pointed,  broader  at 
the  base  and  shorter  than  those  on  the  disk."  (Koehler,  1909,  p. 
115.)  In  typical  Brisinga  the  spaces  between  the  costae  are  either 
free  from  plates  or  have  embryonic  spaced  platelets  which  bear  each 
a  minute  spinelet  or  prickle,  but  which  do  not  form  an  armor  such 
as  exists,  in  a  more  perfected  form,  in  Freyella. 

KIT  TO  TBB  INDO-PACIFZC  8PBCIBS  OF  BBXSXNOA  AND  BBI8XNGA-LXKB  OBNBBA. 

In  the  following  more  or  less  artificial  key  I  have  not  been  able  to 
assign  the  species  described  by  Alcock  and  Wood-Mason  to  the  newer 
genera  described  by  me.    They  have  been  listed  as  Brisinga. 

a\  Intercostal  int^nment  of  proximal  part  of  ray  thin,  with  or  without  rudi- 
mentary spaced  plates  bearing  a  minute  spinelet ;  proximal  subambnlacral 
spines  acicular,  not  broadened  into  a  more  or  less  truncate  capitate  tip. 
tK  Intercostal  membrane  without  integumentary  prickles. 
&.  Plates  of  disk  each  with  a  group  of  several  spinelets. 
<P.  Costae  numerous — more  than  30. 
6^.  Gestae  dose  together,  very  prominent,  without  intercostal  bands  of 
pedicellariae ;  rays  12  or  13;  disk  moderate,  with  rounded  margin* 
and  spinelets  in  groups  of  2  to  6  resembling  pseudopaxiUae ;  adam- 

bulacral  armature  -^rv  ^^  o+l+-^- Brisinga  trachydisca  Fisher. 

13434— Bull.  100—19 35 
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6*.  Gostae  spaced  with  1  or  more  intercostal  bands  of  pedlceUarlae ; 
rays,  15. 
f.  Ck>stae  45,  feebly  developed;  In  addition  to  the  large  subambnlacral 
spine  (4  times  the  length  of  its  plate),  an  aboral  apophyslal 
furrow  fipinelet,  and  1  adoral,  not  so  deep  in  furrow. 

BriBinga  andamanica  Alcock  and  Wood-Mason. 

f.  Oostae  80  to  35,  mostly  complete,  prominent  though  compressed 

and  narrow ;  in  addition  to  the  large  subambnlacral  spine  (4.5 

consecutive  plates  in  length),  1  minor  aboral  subambulacral 

spine,  and  sometimes  an  aboral  apophyslal  furrow  spinelet 

(formulas   ^±yt/  „   i±I  or   ^±^^-    The   proximal   sub- 

ambulcral  spines  are  slightly  modified,  with  a  truncate  tip. 

Craterohrisinffa  evermanni  (Fisher). 

<f*.  Ck>stae  less  than  80,  alternating  with  1  or  more  intercostal  bands  of 

pedlcellariae. 

e*.  Disk  large  with  vertical  edge;  rays  18,  not  very  deciduous;  costae 

18  to  17,  very  salient;  spinelets  of  disk  coarser;  adambulacral 

armature  -^  +J,   the  minor  subambulacral  spinelets  being  on 

furrow  margin,  and  small  major  subambulacral  spine  4  to  5  times 

length  of  plate Brisinga  insfUanim  Alcock  and  Wood-Mason. 

/€*.  Disk  small  with  beveled  margin;  rays  very  deciduous;  major  sub- 
ambulacral spine  2  to  2.5  times  length  of  plate. 
f»  Rays  14,  not  very  fragile ;  costae  about  20,  close  together  on  basal 
ninth  of  ray,  and  not  much  more  salient  than  the  bands  of 

lelted  pedlcellariae;  adambulacnd  armature  zttt^^-    

Brisinga  bengalenHs  Alcock  and  Wood-Mason. 
f,  Rays  14  or  15,  very  fragile,  slender;  costae  20  to  30,  very  con- 
torted, salient  laterally.   Inconspicuous   abactinally;   disk  very 

thin,  with  a  downy  appearance;  adambulcral  armature   ^^+/- 

Brisinga  gunnii  Alcock. 

/*.   Rays  11«  costae  20;    adambulcral   armatiure   t—^;  se®   below. 

Astrostephane  acanihogenyg  (Fisher). 
4f.  Most  or  all  of  the  disk  plates  with  a  single  spinelet;  sometimes  a  few 
near  margin  with  2  or  3. 
^,  Rays  more  than  10;  ra3r8  not  especially  fragile,  though  deciduous; 
suboral  spines  large ;  fixst  pair  of  adambulcral  plates  and  first  pair 
of  marginal  plates  in  each  interbrachium  Joined  by  their  lateral 
ftices. 
e^.  (Dostae  generally  opposite*  each  adambulcral  plate,  hence  dose  to- 
gether, and  without  conspicuous  bands  of  intercostal  pedlcellariae ; 
a  single  series  of  papulae  around  the  disk  close  to  edge,  2  opposite 
base  of  each  ray. 
f.  (Conspicuous  costae  25  to  80,  occupying  proximal  fifth  of  ray; 
pedlcellariae  larger,  the  proximal  serrate  edge  of  each  blade  in- 
conspicuous, semicircular;  articular  surface  of  proximal  am- 
bulacral  ossicles  smaller ;  rays  16.    Briaingenes  mimica  ( Fisher) . 
.f.  Conspicuous  costae  about  40,  occupying  proximal  fourth  of  ray; 
pedlcellariae  smaller  with  the  proximal  serrate  edge  of  each 
blade  relatively  larger  in  proportion  to  total  length  of  blade  and 
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different  in  form ;  articular  surface  of  proximal  ambulacral  os- 
sicles larger,  the  pair  being  1.5  times  higher  than  broad ;  rays 

14 ^riaingenes  anohUta  (Fisher). 

e*.  Costae  opposite  alternate  ambulacral  plates,  hence  well  spaced; 
with  conspicuous  intercostal  bands  of  pedicellariae. 
f.  Rays  15;  costae  80  to  85;  disk  medium,  some  of  its  .plates  with 

more  than  1  spinelet ;  adambulacral  formula  or  ■■  ; 

snboral  spine  rather  small  and  delicate;  gonads  serial,  more 
than  2  to  each  ray;  proximal  subambulacral  spines  slightly 

modified,  blunt CraterobrMnga  evermanni  (Fisher). 

f.  Bays  16,  with  25  prominent,  complete,  costae  and  1  to  8,  usually  3, 
conspicuous  intercostal  bands  of  pedicellariae;  disk  medium- 
sized  with  abruptly  rounded  (not  beveled)  margin;  actinostome 
relatively  very  large;  1  suboral  spine  to  each  mouth  plate  and 
with  an  angle  at  base  so  that  it  is  directed  into  actinostome; 
disk  plates  with  solitary  spinelets  only ;  lateral  spines  equal  in 
length  to  5  or  6  consecutive  adambulacral  plates ;  adambulacral 

armature  V^  or  ^i- ;  gonads  2  to  each  ray. 

Aatrostephane  moluccana  (Fiaher) , 
f,  Rays  11,  with  about  20  complete,  prominent  costae  and  1  complete, 
and  1  or  2  Incomplete,  bands  of  Intercostal  pedicellariae;  dids« 
decidedly  small  with  a  beveled  margin;  actinostome  r^atively 
small;  2  large  suboral  E^ines  to  each  mouth  plate;  disk  plates 
with  1,  2,  and  3  small  spinelets  in  about  equal  numbers ;  lateral 
^ines  equal  In  length  to  7  or  S  consecutive  adambulacral  plates ; 

ambulacral  armature  -^;  gonads  2  to  each  ray. 

A9tro8tephane  acanthogenya  (Fisher). 

df.  Rays  10  or  less;  rays  very  fragile;  disk  small;  suboral  E^ines  small ; 

first  pair  of  adambulacral  plates  of  interbrachlum  not  joined  by 

lateral  face;  first  pair  of  marginal  plates  Joined  by  adoral  end  of 

plates  only ;  gonads  2  to  each  ray. 

e^.  Rays  10 ;  costae  rather  variable,  usually  24  to  28  complete  ones  and 

a  varying  number  of  intermediate  incomplete  ridges  in  the  median 

area ;  marginal  mouth  spinelets  4,  8  on  the  actinostomial  margin ; 

suboral  spines  2,  small BHHngella  fragUia  (Fisher). 

6*.  Rays  7;  costae  few — ^less  than  15;  marginal  oral  spinelets  2  on 
actinostomial  margin;  1  small  suboral  spine;  a  few  isolated 
spicules  in  the  intercostal  integument 

Briaingella  armillata  (Sladen). 
b\  Tegumentary  prickles  in  abactinal  membrane  of  ray. 
<^.  Rays  18  to  14 ;  base  of  ray  for  some  distance  provided  with  conspicuous 
prickles  springing  from  irregular  roundish  plates,  which  do  not  form 
definite  costae;  intercostal  plates  beyond  this  basal  area  usually  un- 
armed ;  costae  18  to  24,  the  alternate  ones  complete,  and  the  first  at 
a  distance  about  equal  to  r  from  the  base  of  ray. 

Stegnolniainga  gracilia  (Koehler). 
c^.  Rays  7,  costae  f^w,  less  than  15 ;  tegumentary  prickles  few. 

Briaingella  armUlata  (Sladen). 
^.  Intercostal  integument  of  proximal  part  of  ray  thin,  with  or  without  rudi- 
mentary q^aced  plates  bearing  tegumentary  prickles ;  1  or  2  subambulacral 
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spines  of  proximal  adambnlacral  plates  with  a  modified,  more  or  less 
truncate,  capitate,  sometimes  papillose  lip. 
1)\  Intercostal  membrane  without  tegumentary  prickles;  costae  numerous, 
close  together,  without  Intercostal  bands  of  pedlcellarlae  on  the  proxi- 
mal half  of  the  costal  region ;  a  costal  arch  opposite  each  adambulacral 
plate 
c*.  Costae  decidedly  irregular  In  the  median  radial  region ;  costal  splnelets 
equal  In  length  to  height  of  costal  ridges,  or  slightly  exceeding  same ; 

costae  36  to  60 Craterohrisinga  panopla  (Fisher). 

if,  Costae  regular  and  parallel  in  the  median  radial  region,  passing  directly 
from  one  margin  to  the  other;  costal  splnelets  shorter,  less  than 
height  of  ridges ;  costae  upward  of  80. 

CraterolniHnoa  paraUela  (Koehler). 

&*•  Intercostal  membrane  with  tegumentary  prickles;  intercostal  spaces  with 

bands  of  pedlcellarlae,  sometimes  inconspicuous;  costal  arches  usually 

not  regularly  opposite  each  adambulacral  plate,  but  variable. 

c^.  Rays  9;  proximal  adambulacral  plates  with  only  1  capitate  snbambu- 

lacral  spine,  the  associated  spinule  being  conspicuously  smaller,  and 

truncate  or  bluntly  pointed ;  suboral  spines  usually  8,  small. 

CraterobriHnga  alherti  (Fisher). 

if.  Rays  11;  proximal  adambulacral  plates  with  usually  the  second  sub- 

ambulacral  truncate  and  slightly  capitate,  and  nearly  as  long  as, 

though  slenderer  than,  its  companion ;  suboral  spines  2,  large. 

(f .  Costae  17  to  20  (in  addition  to  6  or  6  rudimentary  ones  at  base  of 

ray),  well  spaced,  prominent,  rather  irregular,  and  occupying  about 

the  proximal  third  of  ray CraierobriHnffa  euoorune  (Fisher). 

d*.  Costae  about  86  (in  addition  to  only  1  or  2  rudimentary  ones  at  base 
of  ray),  but  last  10  are  inconspicuous;  costal  region  occupying 
about  half  length  of  ray ;  costae  fUrly  regular  and  parallel  and  the 
proximal  ones  closer  together  than  in  d^. 

OruteroMHnga  andloga  Fisher, 
y.  Intercostal  integument  without  tegumentary  prickles  and  with  conspicu- 
ous intercostal  bands  of  pedlcellarlae;  costae  opposite  alternate  ambu- 
lacral  plates,  hence  well  spaced ;  rays  16 ;  costae  80  to  86 ;  disk  medium, 
some  of  its  plates  with  more  than  1  spinelet ;  suboral  spine  rather  small 
and  delicate;  proximal  subambulacral  spines  only  slightly  modified, 

truncate CraterohriHnga  evermanni  (Fisher). 

a*.  Intercostal  Integument  of  most  of  costal  region  strengthened  by  many  close- 
set,  contiguous,  or  overlapping  papery  plates  of  conspicuous  size,  com- 
pletely filling  the  interspaces;  proximal  subambulacral  spines  aclcnlar. 
d^.  Costae  36  to  40,  beginning  at  base  of  ray;  no  Intercostal  splnelets,  the 
plates  being  smooth ;  first  subambulacral  spine  pointed. 

StegnobrMnga  placoderma  (Fisher). 
h\  Costae  18  to  24,  the  alternate  ones  complete,  and  beginning  at  a  conspicu- 
ous distance  from  disk,  the  interval  being  covered  with  Irregularly  dis- 
posed, spinlferous  plates  without  arches ;  Intercostal  plates  beyond  this 
splnlferous  basal  area  without  splnelets;  first  subambulacral  spine 
slightly  broadened  at  tip,  titie  following  spines  acicular. 

StegnobriHnga  gracUU  (Koehler).* 

1 1  am  not  sure  of  tbe  generic  position  of  this  species,  as  the  gonads  and  condition  of 
the  first  adambulacral  plates  are  not  known  to  me. 
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Genus  FREYELLASTER  Fisher. 

Freyella  Fisheb,  not  Perrler,  1917f,  pp.  424,  428. 

Freyellaster  Fisher,  1918,  p.  103.    Type,  Freyella  fecunda  Fisher. 

Diagnosis. — Brisingidae  with  numerous  gonads  arranged  serially 
along  either  side  of  the  more  or  less  inflated  genital  region  of  ray, 
each  opening  by  its  own  pore;  plates  of  genital  region  forming  a 
continuous  covering  or  armor,  more  or  less  spiniferous,  and  not  segre- 
gated as  independent  skeletal  arches,  separated  by  intervals  without 
plates;  no  papulae;  in  interbrachial  angle  the  first  pair  of  adambu- 
lacral  plates  (of  adjacent  rays)  closely  joined  throughout  their 
length,  and  directly  above  them  is  a  pair  of  closely  joined  first  mar- 
ginal plates;  primary  apical  plates  not  conspicuous;  a  nonmuscular 
symphysis  or  syzygy  between  the  first  and  second  adambulacral 
plates,  and  between  the  upper  part  of  the  second  and  third  am- 
bulacral  plates. 

Remarks. — ^This  group  includes  those  species  of  the  old  genus 
Freyella  in  which  the  gonads  are  numerous  and  arranged  in  series 
along  either  side  of  the  ray,  as  in  typical  Brismga,  In  this  restricted 
genus  Freyellaster^  as  in  the  restricted  Brisinga^  the  first  adambulacral 
plate  is  closely  united  to  its  fellow  of  the  adjacent  ray,  at  the  apex 
of  the  interbrachial  angle ;  and  immediately  above  them,  and  joined 
to  their  upper  sides  is  a  closely  apposed  pair  of  marginal  plates,  the 
first  of  a  series  which  extends  a  variable  distance  along  the  base  of 
the  ray,  just  above  the  adambulacral  plates.  The  adoral  end  of  these 
marginal  plates  abuts  against  the  base  of  the  interradial  plate.  In 
some  species  part  of  the  second  adambulacral  plate,  as  well  as  the 
first,  is  joined  to  its  vis-Jt-vis. 

In  a  preliminary  revision  of  the  Brisingidae  (Fisher  1917  f)  I 
divided  the  old  genus  Freyella  into  two  groups,  Freyella  and  Frey- 
eUidea.  The  name  Freyella  was  restricted  to  those  species  having 
supposedly  the  characters  enumerated  in  the  preceding  paragraph, 
and  Freyella  sjnnosa  Perrier  was  kept  as  the  genotype.  The  name 
FreyelUdea  was  bestowed  upon  the  group  called  Freyella  in  the  fore- 
going synopsis  of  genera.  Unfortunately  the  most  important  char- 
acters of  Freyella  spinosa  are  not  shown  in  Perrier's  figures  nor 
mentioned  in  the  description,  since  such  details  have  generally  been 
omitted  as  of  no  particular  importance. 

Through  the  courtesy  of  Dr.  H.  L.  Clark,  of  the  Museum  of  Com- 
parative Zoology,  I  subsequently  examined  an  authentic  example  of 
Freyella  spinosa  received  from  the  Museum  d'Histoire  Naturelle.  It 
belongs  to  the  group  which  I  called  FreyeUidea.  This  specimen,  No. 
1447,  has  two  gonads  to  each  ray,  each  gonad  consisting  of  a  good- 
sized  clump  of  tubules  with  a  single  aperture  to  the  exterior.    There 
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is  no  syzygy  between  the  first  and  second  adambulacral  plates;  no 
syzygial  joint  between  the  upper  end  of  the  second  and  third  ambu- 
lacral  ossicles,  although  the  interval  is  very  narrow;  there  are  no 
superomarginals  directly  above  the  first  adambulacrals.  The  first 
and  second,  and  in  one  interbrachium  also  the  third,  adambulacral 
plates  are  joined  to  the  corresponding  adjacent  plates  of  the  next  ray, 
although  not  so  closely  as  in  the  other  generic  group,  there  being 
considerable  tissue  between  the  apposed  plates.  It  was  this  feature, 
figured  by  Perrier,  which  led  me  to  suppose  that  F.  spinosa  belonged 
with  the  group  containing  F.  fecunda^  F.  spaMdifera^  and  others,  in 
which  the  first  adambulacrals  are  always  tightly  joined.  For  the 
present  it  is  best  to  consider  this  character  as  of  secondary  impor- 
tance in  true  FreyeUa^  which  is  really  not  very  closely  related  to  the 
genus  containing  F.  fecwnda.  The  latter  is  distinguished  by  a  syzygy, 
well-developed  marginals  for  the  interbrachium,  and  serial  gonads. 

The  species  which  I  have  personally  examined  are  FreyeUaster 
feeu/ndvs  Fisher  (California),  FreyeUaster  spatvlifer  (Fisher),  and 
FreyeUaster  scalaris  (A.  H.  Clark)  (Galapagos  Islands).  Among  the 
species  described  by  Sladen  in  the  Challenger  report,  FreyeUa  poly- 
enema  appears  to  belong  here. 

I  have  examined  the  following  species  which  belong  to  the  genus 
FreyeUa:  spinosa  Perrier,  elegans  Verrill,  insignis  Ludwig,  pro- 
pinqua  Ludwig,  pacifica  Ludwig,  and  Trdcroplax  Fisher.  Without 
knowing  the  disposition  of  the  gonads  it  is  not  possible  to  be  certain 
that  the  following  species  belong  in  FreyeUa.  As  nearly  as  can  be 
judged  by  the  figures  given  they  appear  to.  Such  species  are :  sexror 
diata  Perrier,  benthophUa  Sladen,  fragilissima  Sladen,  heroina  Sla- 
den, dvmorpha  Sladen,  remex  Sladen,  tuberculaia  Sladen.  F.  brae- 
teata  Sladen  is  a  synonym  of  elegans^  according  to  Professor  Verrill. 

FBETEIXASTER  SPATUUFEK  FUier. 

Plate  144,  fig.  1;  plate  154,  fig.  3;  plate  155.  figs.  1,  lor-h. 

FreyeUa  ipattUifera  Fishis,  1916&,  p.  84. 

FreyelUister  spatulifer  Fibber,  1918,  p.  104.  * 

Diagnosis. — Rays  14.  Genital  region  of  ray  short,  slightly  swollen^ 
the  spinelets  concentrated  in  transverse  parallel  bands,  about  30  in 
number,  as  a  rule  1  opposite  each  lateral  spine  and  1  in  the  interval 
between;  lateral  spines  opposite  every  adambulacral  beyond  the 
eighth,  long  and  slender.  Adambulacral  armature:  one  furrow 
spinelet  at  each  end  of  plate,  and  a  second  longer  one  above  the  aboral 
spinelet;  1  large  suboral  spine,  which  on  the  first  10  plates  is  conspic- 
uously broadened  and  spatulate  at  tip.  Mouth  spines,  2  at  distal 
furrow  corner  of  plate  and  3  on  actinosomial  margin,  1  heavy  sub- 
lanceolate  suboral  spine,  frequently  terminating  in  2  points.    B= 
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135+inin.,  r=9  mm.;  breadth  of  ray  at  base,  4.5  mm.;  length  of 
genital  region,  30-35  mm. 

Description.— lyisk  fairly  large  with  a  beveled  margin;  disk  plates 
not  distinguishable;  spinelets delicate, sharp, but  invested  in  a  dieath 
which  causes  them  to  appear  terete  and  blunt.  They  are  mostly 
solitary — ^that  is,  are  not  in  groups — ^and  form  an  evenly  spaced, 
uniform,  delicate  nap,  free  from  pedicellariae.  The  spinelets  on  the 
margin  of  disk  are  a  little  longer  than  those  at  or  near  the  center. 

Genital  region  of  ray  relatively  short,  slightly  swollen,  the  spinelets 
in  clusters  of  2  to  about  6  per  plate.  On  all  but  the  basal  fourth  of 
the  genital  region  there  are  low,  transverse,  parallel  ridges,  spaced 
about  1  mm.  apart,  formed  of  very  slightly  elevated  plates  bearing 
most  of  the  short,  tapering,  sharp  spinelets.  The  spinelets  have  the 
appearance  of  being  collected  into  these  transverse  bands,  while  the 
interspaces  have  very  few  spinelets  yet  there  is  no  regularity  in  the 
arrangement  of  the  spinelets  on  the  plates.  They  may  form  clusters 
or  short  series,  oriented  obliquely,  longitudinally,  or  transversely 
with  reference  to  ihe  main  axis  of  ray.  These  transverse  bands  of 
spines  resemble  somewhat  the  costae  of  Briainga^  but  are  much  less 
prominent. 

A  slender  acicular  spfne,  arising  from  a  convex  lateral  plate  fused 
to  the  side  of  every  adambulacral  plate  (usually  a  little  aborad  of 
the  middle),  beginning  with  the  eighth,  increases  in  length  imtil 
equal  to  about  6  or  7  adambulacral  plates  (at  a  short  distance  beyond 
end  of  genital  region). 

Beyond  the  genital  region  or  area  of  abactinal  plating  the  integu*- 
ment  is  excessively  thin,  so  that  the  underlying  ambulacral  ridge  is 
clearly  visible,  and  it  is  crossed  at  each  lateral  spine  by  an  inconspic- 
uous band  of  pedicellariae,  usually  only  with  diflBiculty  discernible 
on  the  middorsal  area. 

Adambulacral  armature:  one  furrow  spine  at  each  end  of  the  plate, 
and  a  little  shorter  than  the  midventral  length  of  the  plate ;  above  the 
aboral  spinelet,  a  slender  but  yet  stouter  and  longer  spinule,  about 
1.6  plates  in  length,  measured  along  the  midactinal  line.  These  3 
spinelets  bear  at  the  tip  a  group  of  slender- jawed,  major  pedicellariae. 
On  the  actinal  surface  is  a  prominent  subambulacral  spine,  which,  on 
the  first  10  plates  is  conspicuously  spatulate,  gradually  lengthening 
from  about  the  fourth,  and  narrowing  at  the  tip  from  the  sixth  to 
eighth  plates.  The  broad  tip  is  sometimes  flat,  sometimes  scoop- 
shaped,  sometimes  grooved,  while  the  truncated  end  has  often  two  or 
three'  knobs.  The  knobs  become  more  evident  beyond  the  eighth 
plate,  most  of  the  spines  being  practically  bicapitate.  The  thirteenth, 
fourteenth,  and  fifteenth  are  very  long,  slender,  and  tapering,  with 
either  a  capitate  or  a  bicapitate  tip,  while  beyond  the  thirteenth  to 
fifteenth  (according  to  the  ray),  the  spines  lose  the  capitate  tip  and 
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become  pointed.  The  broadly  spatulate  spines  are  about  3  plates 
in  length  (3.0  to  4.5  mm.) ;  the  pointed  acicular  ones  just  beyond  the 
modified  subambulacrals  are  a  little  over  4  plates  in  length  (7  mm.), 
the  plates  themselves  becoming  gradually  longer,  as  is  evident  from 
the  above  measurements.  The  subambulacral  spines  are  invested  in 
sheaths  bearing  both  major  and  minor  pedicellariae,  while  on  the 
lateral  spines  only  the  minute  minor  pedicellariae  seem  to  be  present. 

Mouth  plates  each  with  3  short  spinelets  on  the  actinostomial 
margin  and  2  on  the  distal  furrow  corner.  Suboral  spine  about  as 
long  as  the  first  subambulacral  spine,  with  a  sublanceolate  slightly 
flattened  tip,  which  is  grooved  lengthwise  and  frequently  ends  in  2 
distinct,  sharp  points.  The  oral  and  suboral  spines  are  heavily 
armed  with  major  pedicellariae. 

Madreporic  body  small,  but  on  the  external  side  of  a  prominent 
protuberance,  the  adcentral  side  of  which  is  spiny. 

Gronads  and  first  adambulacral  plates  as  in  generic  diagnosis. 

Type.— Cht.  No.  36747,  U.S.N.M. 

Type'loGolity.—Stsition  5668  (lat  2^  29'  30"  S.;  long.  118*^  43'  E.), 
Macassar  Strait,  off  Mamuju  Island,  west  coast  of  Celebes,  901 
fathoms,  gray  mud ;  bottom  temperature,  38.2°  F. ;  1  specimen. 

Remarks. — ^This  species  has  much  broader  proximal  subambulacral 
spines  than  any  other  known  species.  It  differs  from  F.  echinata 
Sladen  (if  this  is  indeed  a  true  Freyellaster)  in  lacking  the  conspicu- 
ous abactinal  spines.  F.  scalaris  (A.  H.  Clark)  has  even  more  con- 
spicuous abactinal  spines  on  the  rays  than  has  echinata. 
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Plate  1. 

Fig.  1.  Benthoffenia  oribeUoaa;  actinal  surface  of  type,  enlarged,  p.  Zk 

2.  Sidonaster  psUonotus ;  rSctlnoX  view  of  type,  enlarged,  p.  87. 

3.  Same;  abactinal  view  of  type,  enlarged. 
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Plate  2. 

FiQ.  1.  Benthogenia  cribellosa ;  actinal  surface  of  type,  enlarged,  p.  39. 

2.  Ctenodiscus  orientalis;  abactlnal  aspect  of  type,  p.  44. 

3.  Same;  end  of  ray. 

4.  Same;  actinal  surface  of  type. 
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Plate  3. 

Fig.  1.  Prioiiastcr  analotjus;  actiual  aspect  of  type,  p.  50. 

2.  Prionastcr  gracilis;  actinal  surface  of  type,  p.  55. 

3.  Sidoiiastcr  vancyi;  abactinal  surface  enlarged,  and  the  ends  of  2  rays, 
550 
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Plate  4. 

Fio.  1.  Goniopccten  asiaticus;  abactlnal  aspect  of  type,  p.  47. 

2.  Prionaster  analogus;  tip  of  ray,  actlnal  view,  p.  50. 

3.  Prionastcr  mcgaloplax;  actinal  surface  of  type,  p.  56. 
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Plate  5. 

Fig.  1.  VHonaster  mcgnloplax ;  type,  abactinal  view,  less  than  natural  sire, |j. it 
2.  Ooniopecten  asiaticus;  ventral  aspect  of  type,  retluceil,  p.  47. 
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Pl^TE   6. 

i^iG.  1.  Prionaster  gracilis;  abactinal  view  of  type,  p.  55. 
2.  Prionaster  analogus;  abactinal  view  of  type.  d.  50. 
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I'LATE  7. 

Kkj.  1.  CtcHodiscuH  oricntalia;  specimen  from  station  5527;  fifth  and  sixth 
ailanibiilucral  plates  and  adjacent  intermediate  phites,  showing  the 
nioiubrane  partly  shrunken  ;  adoral  side  of  plates  to  the  left,  X6.5.  la. 
Same;  second  adambulacral  plate,  dried,  X6.5.  1&.  Same;  ninth  supero- 
marginal  and  inferomarginal  plates  showing  narrow  free  surface  and 
broad  marginal  web.  Below  the  Inferomarglnal  plate  2  actinal  inter- 
mediate plates  are  indicated,  X8.  Ic.  Same;  terminal  plate  of  speci- 
men from  station  5423,  X8.  Id.  Same;  side  view  of  2  dried  paxillae 
from  the  proximal  portion  of  radial  region,  X8.  Ic.  Same;  dorsad 
view  of  2  paxillae  from  alcoholic  specimen.  If.  Same ;  dried  specimen, 
showing  mouth,  adambulacral,  and  2  double  series  of  actinal  interme- 
diate plates.  From  the  median  fasciole  the  spinelets  have  been  partly 
removed  to  show  the  articulation  of  plates.  Back  of  the  mouth  plates 
is  shown  the  oral  plate  or  odontophore  (o).  The  surface  of  the 
adambulacral  plates,  when  the  membrane  is  removed,  is  irregularly 
sunken  and  pitted;  w,  inferomarglnal  plates;  X6.5.     P.  44. 

2.  Sidonaster  psilonotus;  mouth  and  adambulacral  plates  of  type;  o,  oral 

plate  or  odontophore;  X6.5.     P.  37. 

3.  Goniopecten  asiaticus,  type;  paxillae  from  base  of  ray,  near  radial  line, 

showing  both  dorsal  and  side  views,  X8.  3a.  Same;  sixth  adam- 
bulacral plate,  of  which  the  adoral  side  is  to  the  left;  X5.  36.  Same; 
eleventh  adambulacral  plate.  X5.  3r.  Same;  thirty-fourth  adambu- 
lacral, and  thirty-first  inferomarglnal  plates,  oriented  as  in  3a  and  3&; 
X5.  P.  47. 
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Plate  8. 

'xo.  1.  Goniopecten  asiaticus;  interradial  crlblform  organ  of  the  type,  showing 

also  2  superomarginal  and  2  inferomarginal  plates  with  their  spines, 

X5.    Itt.  Same;  a  cross-section  of  ray  of  type,  taken  about  a  third  its 

length  from  base,  to  show  the  relation  of  plates,  and  especially  the 

massive  marginals.     X2.5.    P.  47. 

2.  Benthogenia  cribellosa ;  sixth  adambulacral  plate  of  type,  the  adoral  side 

to  left.  X8.  2a.  Same;  abactinal  plates.  X5.  2b,  Same;  one  of  the 
largest  radial  paxillae,  X8.  2c.  Same;  end  of  ray  from  side  showing 
the  terminal  plate,  dorsal  and  marginal  cribriform  organs,  X2.5.  The  2 
distalmost  spines  of  the  terminal  plate  are  each  paired,;  the  3  proximal, 
shown  by  scars,  are  unpaired.  2d.  Same;  a  smaller  radial  paxilia 
from  side,  X12.     P.  39. 

3.  Prionaster  analogue;  fifth  and  sixth  adambulacral  plates,  the  adoral  side 

being  to  the  right  The  right-hand  plate  is  shown  partly  dried  in 
order  to  bring  out  the  form  of  the  furrow  spines;  X8.  3a.  Same; 
a  paxilia  from  about  the  middle  of  major  radius,  X16.  35.  Same; 
dorsal  view  of  a  terminal  plate  and  3  adjacent  superomarginals  of  a 
specimen  from  station  5565,  X8.  3c.  Same;  ventral  view  of  plate 
shown  in  36 ;  an  inferomarginal  and  2  adambulacral  plates  are  shown 
on  either  side  of  the  furrow;  X8.    P.  50. 
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Plate  9. 

Fig.  1.  Prionaster  gracilis;  fourth  adambulacral  plate  of  tyr>e,  X8.   la.  S?i^ 
twentieth  adambuhioral  plate  of  same  ray,   X8;  in  botli  figum  - 
adoral  side  of  plate  is  to  the  left.    16.  Same ;  paxUlae  from  tr^ 
ray,  X16.     P.  55. 

2.  Prionaster  mcffaloplax;  second  adambulacral  plate  of  type,  Xi  , 

Same;  twentieth  adambulacral  plate  of  type,  X5;  in  both  fii.Tirt-  ■ 
adoral  side  of  plate  is  to  the  right.     The  plates  are  shown  ft- 
dried.     2b,  Same ;  paxillae  from  disk,  about  midway  l)etwe«i  <^ 
and  margin,  and  radial  and  interradial  lines,  X8.    P.  56. 

3.  Craspidaster  hesperus;  abactinal  plates  from  base  of  ray;  t-t,T} 

line;   the  dotted  line  indicates  the  transverse  rows  of  plate: 
P.  60. 
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Plate  10. 

Q.  1.  Astropcctcn  cucncmis;  actinnl  surface,  enlarged,  p.  75. 
2.  Astropcctcn  mindanensis ;  abactinal  surface,  enlarged,  p.  67. 
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Plate  11. 

Fig.  1.  Astropccicn  tcncllns;  abactinal  aspect,  enlarj^ed,  p.  84. 

2.  Same ;  actinal  surface  of  a  portion  of  ray,  enlarged. 

3.  Astropcctcn  vcUtaris;  actinal  surface,  p.  70. 

4.  Same;  abactinal  surface. 

5.  Astropecten  phragmorus ;  abactinal  aspect  of  type,  enlarged,  p.  G5. 
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Plate  12. 

Fig.  1.  Astropecten  pcdiccUaris;  portion  of  abactlnal  surface,  enlarged,  p.  87 

2.  Astropecten  luzoniciis;  portion  of  actinal  surface,  enlarged,  p.  82. 

3.  Dipsacaster  diaphorus;  abactinal  aspect  of  ray,  enlarged,  p.  152. 

4.  Ctenophorastcr  diploctenius ;  actinal  view  of  ray,  enlarged,  p.  95. 
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PfATB  13. 

F[G.  1.  Pcrsephonaster  hahrogenys;  abactinal  aspect  of  type,  enlarjreil,  p.  131. 

2.  Astropcctcn  ercmicus;  abactinal  view  of  type,  enlarged,  p.  79. 

3.  Astropcctcn  luzonicus;  abactinal  view  of  type,  enlarged,  p.  82. 

4.  Astropcctcn  pcdiccllaris ;  abactinal  view  of  type,  enlarged,  p.  87. 
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Plate  14. 

Fio.  1.  Astropecten  phragmorus;  fourth  Inferomarginal  plate  and  adjacent 
adambulacral  plates  of  type,  X6.5.  la.  Same;  fifth  and  sixth  supero- 
niarginal  plates  of  cotype,  X6.5 ;  the  part  of  the  plates  to  left  of  dotted 
line  forms  part  of  the  lateral  wall  of  ray.  1&.  Same;  two  paxillae 
from  radial  area,  base  of  ray  of  cotype,  X9.6.    P.  65. 

2.  Astropecten  velitaris;  fifth  inferomarginal  plate  and  adjacent  adam- 

bulacral, X9.6.    P.  70. 

3.  Astropecten  euvnemis;  fourth  inferomarginal  plate  and  adjacent  adam- 

bulacral of  type,  X9.6.  3o.  Same;  mouth  plates  of  type,  X9.6.  3&. 
Same ;  one  of  the  larger  paxillae,  type,  X  9.6.  3c.  Same ;  fourth  infero- 
marginal plate  and  adjacent  adambulacral  of  small  variety  from  sta- 
tion 5182,  X12.  Sd,  Same;  an  actinal  inter  radial  pedicellaria  from 
specimen  shown  in  3c,  X12.    P.  75. 

4.  Astropecten  luzonicus;  sixth  inferomarginal  plate  and  2  adjacent  adam- 

bulacrals  of  type,  X9.6.  4a.  Same;  fifth  superomarginal  plate  and 
upper  end  of  corresponding  inferomarginal,  showing  superomarginal 
spine,  lateral  spines,  and  also  a  few  paxillae;  X9.6.  4&.  Same;  a 
paxilla  from  base  of  ray,  X9.6,     P.  82. 
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Plate  15. 

FiQ.l.  Astropecten  tencllus;  fifth  inferoinarginal  plate  and  adjacent  adam- 
bulacrals  of  type,  XO.G.  la.  Same;  paxilla  from  Interradial  region  of 
disk,  X9.6.  lb.  Same;  a  pedicellaria  and  2  adjacent  paxillae  from 
radial  area  at  base  of  ray,  X9.6.     P.  84. 

2.  Astropecten  pedicellaris ;  sixth  inferomarglnal  plate  and  4  adambulacral 

plates  of  type,  X9.6;  note  the  adambulacral  and  inferomarglnal  pedl- 
cellarlae.  2a,  Same ;  ninth  and  tenth  superomarginal  plates,  and  upper 
end  of  corresponding  inferomarginals,  and  also  adjacent  abactinal 
paxillae  and  pedicellaria,  X9.6;  note  superomarginal  and  inferomar- 
glnal pedlcellarlae ;  the  Inferomarglnal  spines  have  been  removed  from 
proximal  plate;  the  superomarginal  spines  are  longer  at  base  of  ray. 
2b,  Same;  2  paxillae  from  base  of  ray,  side  view,  X9.6.  2c.  Same; 
a  radial  paxilla,  expanded,  X9.6.     P.  87. 

3.  Astropecten  eremicus;  ninth  Inferomarglnal  plate  and  2  adjacent  adam- 

bulacral plates  of  type,  X9.6.  3a.  Same;  third  adambulacral  plate  of 
type,  showing  one  of  the  large  subambulacral  pedlcellarlae,  X9.6. 
36.  Same;  side  view  of  a  paxilla  from  Interradial  line  midway  be- 
tween center  and  margin,  X12  3c.  Same;  a  pedicellaria  and  2  ad- 
jacent paxillae  from  proximal  third  of  ray,  near  radial  line,  X12 
Zd.  Snme;  paxilla  from  proximal  third  of  ray  near  margin,  X12. 
36.  Same:  dorsal  view  of  an  abactinal  pe<llcellarla,  X12.     P.  79. 
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Plate  16. 

G.  1.  Ot^nopleura  astropectinides ;  fourth  inferomarglnal  and  2  adjacent 
adambulacral  plates  of  type,  X4.  la.  Same;  a  paxllla  from  base  of 
ray,  X8.  1&.  Same;  side  view  of  paxilla,  radial  line  of  ray,  X8. 
le.  Same;  abactinal  plates,  from  inner  side;  r — r,  radial  series  of 
plates  of  ray,  X8.     P.  91. 

2.  Otonophoraster  diploctenius ;  terminal  plate,  denuded,   X8.     2a.  Same; 

abactinal  plates,  from  inner  side;  r — r,  radial  series  of  plates,  base 
of  ray,  X8.  26.  Same;  ninth  and  tenth  adambulacral  plates  and 
adjacent  actinal  Intermediate  plates,  X8.  2c.  Same;  tip  of  a  lateral 
inferomarglnal  spine,  much  enlarged.  2d,  Same;  abactinal  paxllla, 
X16.  2c.  Same;  eighth  inferomarglnal  plate  showing  the  second  comb 
of  lateral  spines  (1)  and  a  single  spine  (2)  of  the  outer  lateral  se- 
ries; the  actinal  spines  are  shown,  and  the  circular  scars  of  the 
accessory  splnules,  X6.5.    P.  95. 

3.  Psilaster  gotoi;  eighth  and  ninth  adambulacral  plates  of  type.     3a. 

Same ;  abactinal  paxlllae  from  base  of  ray,  that  to  left  being  one  of  n 
radial  series,  X16.    36.  Same;  terminal  plate,  X8.     P.  100. 

4.  Psilmtci'  robustus;  abactinal  paxlllae,  XJ6.    4a.  Same;  terminal  plate, 

denuded.    P.  103. 
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Plate  17. 

Fig.  1.  Anthosticte  aulophora;  type,  abactinal  view,  reduced,  p.  140. 

2.  Ctenophoraster  diplovtcmius ;  type,  abactinal  view,  p.  95. 

3.  Ctcnopleura  astropcctinidcs ;  type,  abactinal  view,  p.  91. 
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Plate  18. 

Fig.  1.  Ctvnophorantcr  (liploctvnius;  type,  nctiiml  surface,  p.  95. 

2.  Ctenopleura  astropcctinif^cft;  type,  actlnnl  surface,  p.  91. 

3.  Antho8ticte  aulophora;  tyix?,  actinal  surface,  p.  140. 
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Plate  19. 

Fig.  t.  AstromcHilvs  compact  us;  portion  of  actinal  surface,  enlarged,  p.  107. 
2.  AntJiostictc  aulophora  ;  portion  of  actinal  surface,  enlarged,  p.  140. 
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I'LATE  20. 

Fig.  1.  Paila8tcr  robu8tuft;  typo,  nbactinnl  aspect,  p.  103. 

2.  Perse phonaster  nionoatovehus ;  type,  abactliml  surface,  p.  134. 

3.  Psilaster  gotoi;  type,  abactlnal  surface,  p.  100. 
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Plate  21. 

Fig.  1.  Psilaatcr  goioi;  type,  aotinal  surface,  p.  100. 

2.  Persepfionastcr  monostoechua ;  type,  actinal  surface,  p.  134. 

3.  Psilasier  robust  us;  type,  actinal  surface,  p.  103. 
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Plate  22. 

Fig.  1.  Peraephonasier  tenuis;  type,  abactinal  view,  p.  121. 

2.  Persephonaster  sulueiisis;  type,  abactinal  view,  p.  125. 

3.  Persephonaster  ocdiplax;  type,  abactinal  view,  p.  127. 

4.  Same;  a  smaller  specimen. 
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I'LATE  23. 

F^rG.  1.  Pcrscphonaatcr  Hulnnms;  tyi>e,  nctinn]  view,  \\  125. 

2.  Pcrsephonaater  tniuia;  type,  nctinal  view,  p.  121. 

3.  Pcrsephonastcr  luzonicus;  type,  actinal  view,  p.  118. 

4.  Perscphonastcr  oediplax:  type,  actinal  view,  p.  127. 
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Plate  24. 

Fig.  1.  Pcrscphonastcr  luzonicus;  type,  abactiiuxl  surface,  p.  118. 

2.  PerscphoiuiHtcr  cunjactis  brevispmuft ;  a!)tictliial  surface,  p.  115. 

3.  Asfromcsitcs  compavius ;  type,  abactiiuil  surface,  p.  107. 

4.  PersepJionaster  curyactis;  type,  abactlnal  surface,  p.  112. 
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Plate  25. 

Fig.  1.  Pcrsephonastcr  multicinctns ;  type,  nctiiml  view,  p.  121). 

2.  Astrorncsitcs  compactus ;  type,  actinal  view,  p.  107. 

3.  Pcrsephonastcr  curyactia  hnvispinus;  actinal  view,  p.  115. 

4.  Perscplionaster  curyactis;  type,  actinal  view,  p.  112. 
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Plate  26. 

Fig.  1.  Persephonaster  multicincUts;  type,  abactlnal  view,  p.  123. 

2.  Astromesites  compactun ;  specimen  from  station  5296,  p.  107. 

3.  Persephonaster  anehistus;  abactinal  view  of  type,  p.  117. 
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Plate  27. 

Fig.  1.  Perscphonastcr  multicinrtus;  actlnal  view  of  type,  much  enlargeO,  p.  123 
2.  Perse phonastcr  anchiHtua;  actlnal  view  of  type,  much  enlarged,  p.,  117. 
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Plate  28. 

Fig.  1.  Persephonaster  hahrogenys ;  actinal  view  of  type,  enlarged,  p.  131. 

2.  Dipsacaster  diaphorus;  abactlnal  view  of  type,  enlarged,  p.  152. 

3.  Patagiaster  sphaerioplax ;  abactinal  view  of  type,  enlarged,  p.  154. 
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Plate  29. 

Fig.  1.  Tritonaster  cvorus;  abactinal  view  of  type,  enlarged,  p.  13G. 

2.  Dipsacastcr  diapliorus;  actlnal  view  of  type,  enlarged,  p.  152. 

3.  Patagiaster  sphaeriophax ;  actlnal  view  of  type,  enlarged,  p.  154. 

4.  Tritonastcr  cvorus;  actlnal  view  of  type,  enlarged,  p.  136. 
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Plate  30. 

Enlarp;ed  details  of  abnctinal  and  actinal  surfaces. 
Fig.  1.  Pcrsephonaster  tenuis;  abactlnal,  p.  121. 

2.  Persephonastcr  curyactis  hrivisjyinus ;  abactlnali  p.  115. 

3.  Psilaster  rohustus;  actinal,  p.  103. 

4.  Psilaster  gotoi;  actinal,  p.  100. 

5.  Persephonastcr  eurydctis;  actinal,  p.  112. 

6.  Tritonaster  evorus;  abactinal,  p.  136. 
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Plato  31. 

Enlarged  details  of  aboetlnal   and  actinal  surfaces. 
Fig.  1.  Dipsacastcr  diaphorun;  actinal,  p.  152. 

2.3.  Pcrsephonastcr  ocdiplax;  abactinal,  p.  127. 

4.  AstromeHtrs  compaciuH ;  abactinal,  p.  107. 

5.  PersephomiHter  monoHtorchus ;  actinal,  p.  134. 

6.  Prrsvphonantcr  liabroffcnys;  abactinal,  p.  131. 
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Plate  32. 

Dipsacaster  imperialis. 

f'iG.  1.  Actlnal  surface  of  type,  reduced;  one  pair  of  mouth  plates  has  been 
cleaned,  p.  146. 
2.  Abactinal  surface  of  type,  reduced. 
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I'LATE  33. 

Fig.  1.  Korvmofttcr  evanlns  ninculatus;  nbactinal  view  of  type,  enlarge<l,  p.  10 1. 
2.  Koreinastcr  cvaulus;  ubactinal  view  of  type,  enlarged,  p.  157. 
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Plate  34. 

Fig.  1.  Koremaster  evaulus  spiculatus;  nctinal  view  of  type,  enlarged,  p.  161. 
2.  Koremaster  evaulus;  actinal  view  of  type,  enlarged,  p.  157. 
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Plate  35. 

Ki(].  1.  Pcracphonaster  ettr-yactia;  inferoinarglnal,  actiniil  liiterineiliate,  and 
adaiubulacral  plates  from  proximal  portion  of  ray  of  type,  X  6.5.  The 
figures  2,  2,  2,  Indicate  tlie  second  underlying  comb  of  inferomarginal 
spines,  la.  Same;  twelfth  Inferomarginal  and  superomarginal  plates 
of  type;  note  the  increased  length  of  the  inferomarginal  spines,  X  6.5. 
1&.  Same;  a  primary  basal  paxilla,  X  16.  Ic.  Same;  paxillae  from 
the  base  of  ray  just  to  one  side  of  the  radial  line,  X  16.  Id.  Same; 
Polian  vesicle,  X  4.     P.  112. 

2.  Astromcsitea  conipactus,  type ;  large  paxillae  from  near  madreporic  body, 

X  8.  2a.  Same;  twelfth  to  fourteenth  adambulacral  plates,  X  8.  26. 
Same ;  abactinal  plates  from  base  of  ray,  X  8.  2c.  Same ;  a  side  view 
of  a  paxilla  from  radial  region  of  ray,  X  8.  2d.  Same;  side  view  of 
mouth  plates,  X  6.5.     P.  107. 

3.  PsiUiHtcr  gotoi^  type;  sixth  superomarginal  and  Inferomarginal  plates, 

p.  100. 
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Plate  36. 

Fig.  1.  Persephonaster  curyactis;  spinelet  from  near  inner  edge  of  Infero- 
marglnal  plate,  X  52.  la.  Same ;  spinelet  from  outer  part  of  infero- 
marglnal  plate,  X  52.     P.  112. 

2.  Persephonaster  curyactis  hrevispinus ;  twelfth  superomarginal  plate,  and 

upper  end  of  adjacent  Inferomarglnal  plate,  showing  the  small  supero- 
marginal spines ;  second  row  of  lateral  spines  marked  2 ;  X  6.5.  2a. 
Same;  eighth  adamhulacral  plate,  X  6.5.     P.  U5. 

3.  Pcrscphonastcr  luzonicus,  type;  sixth  inferomarglnal  and  adjacent  ac- 

tlnal  intermediate  and  adamhulacral  plates,  X  6.5.  3a.  Same ;  pax- 
illae  from  base  of  ray ;  a  jwdicellaria  is  shown  on  the  left ;  X  16.  3&. 
Same ;  spinelets  from  interomarginal  plates,  X  52.     P.  118. 

4.  Pcrsephonaster  anchistus,  type;  fifth  inferomarglnal  and  adjacent  ac- 

tinal  intermediate  and  adamhulacral  plates.  X  4.  The  inferomarglnal 
appears  to  be  narrower  than  it  really  is  on  account  of  foreshortening. 
The  series  form  a  beveled  border  to  ray.  4a.  Same;  outline  of  an 
inferomarglnal  plate,  viewed  without  foreshortening,  X  4.  46.  Same ; 
2  paxillae  from  radial  line,  base  of  ray,  showing  a  pedicellaria  (perf.) 
and  2  papulae,  X  16.  4c.  A  spinelet  from  near  middle  of  infero- 
marglnal plate,  X  about  28;  note  that  the  magnification  is  about  half 
that  of  P.  curyactis  and  /'.  luzonivuH.  4d.  Same;  spinelet  from  near 
inner  e<lge  of  inferomarglnal  i)late,  X  28.     P.  Il7. 
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Plate  37. 

Fig.  1.  Persephonastcr  tenuis,  type;  sixth  inferomarginal  plate  and  adjacent 
actinal  intermediate  and  adambulacral  plates,  X  4;  pcrf.,  subambula- 
cral  pedicellarla ;  int.,  intermediate  plate,  la.  Same ;  2  paxillae  from 
near  radial  line,  base  of  ray,  X  16;  pcd.,  pedicellarla  with  4  jaws; 
papulae  outlinetl  by  circles,  lb.  Same,  terminal  plate,  X  6.5;  two 
superomarginal  plates  are  shown  («wp.).  Ic.  Same;  inferomarginal 
spinelet  from  outer  half  of  plate,  X  52.  Id.  Same ;  inferomarginal 
spinelet  from  near  inner  edge  of  plate,  X  52.     P.  121. 

2.  Persephcmaster  multicinctua,  type;    eighth    and    ninth    adambulacral 

plates,  X  6.5 ;  the  furrow  spines  of  the  eighth  plate  have  been  removetl 
and  the  inner  subambulacrals  bent  toward  furrow.  2a.  Same ;  pax- 
illae and  i)edicellariae  from  disk,  X  16 ;  pcd.,  pedicellarla ;  pap., 
papula.  2b.  Same;  a  spinelet  from  near  middle  of  inferomarginal 
plate,  X  52.  2c.  Same ;  a  spinelet  from  near  inner  edge  of  infero- 
marginal plates.     P.  123. 

3.  Persephonaster  monostocchus,  type ;  two  proximal  inferomarginal  plates, 

and   adjacent  actinal  intermediate    (int.)    and   adambulacral  plates, 
X  6.5.     3a.  Same ;  3  paxillae,  and  a  pedicellarla,  X  16.     36.  Same ;  a 
paxilla  seen  from  the  side,  X  16.    3c.  Same;  2  Inferomarginal  spine- 
lets,  X  52.     P.  134. 
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I»LATE  38. 

FiQ.  1.  Persephonaster  sulueiisis,  type ;  seventh  and  part  of  eighth  inferomargi- 
nals,  with  adjacent  actlual  intermediate  and  adambulacral  plates,  X 
6.5.  la.  Sanje;  splnelet  from  inner  edge  of  inferomarginal  plate,  X 
about  48.  lb.  Same;  spinelet  from  outer  part  of  plate,  X  40.  Ic. 
Same ;  mouth  plates,  X  6.5.  Irf.  Same ;  paxillae  and  pedicellariae  from 
base  of  ray,  X  16;  pcd,,  pedicellariae.  Ic.  Same;  paxilla,  from  side, 
X  16.     P.  125. 

2.  Persephonaster  oediplax,  type;  sixth  inferomarginal  plate  and  adjacent 

actinal  intermediate  (int.)  and  adambulacral  plates,  X  6.5;  ped.,  pedi- 
cellaria.  2a.  Same;  thirteenth  superomarginal  and  upper  end  of 
adjacent  inferomarginal  plate,  X  6.5.  26.  Same ;  four  paxillae  from 
radius,  base  of  ray ;  one  shows  a  pe<liceilarian  apparatus,  X  16.  2c. 
Same ;  inferomarginal  spinelet  from  outer  part  of  plate,  X  52.  2d. 
Same;  inferomarginal  spinelet  from  near  inner  edge  of  plate,  X  52. 
P.  127. 

3.  Anthostietc  aulophora,  type;  abactinal  plates  from  coelomic  side,   X  8. 

The  irregular  plates  on  the  right  are  in  the  median  radial  region  of 
the  ray,  and  those  to  the  left  are  in  regular  transverse  series,  p.  140. 
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Plate  39. 

Fig.  1.  Anthosticte  aulophora,  type;  nineteenth  and  twentieth  adamhulacral 
plates,  with  adjacent  actinal  intermediate  plates  to  the  left,  X  6.5.  In. 
Same:  three  Inferomarginal  (inf.)  and  adjacent  actinal  intermediate 
(inf.  1,  int,  2)  and  adamhulacral  plates  (ad.)  to  show  the  deep  mar- 
ginal fasciolar  channels,  X  6.5  16.  Same;  paxilla  from  side,  X  8.  1c. 
Paxilla  from  base  of  ray  with  three  pedicellariae,  X  8.  Id.  Same : 
adoral  face  of  a  pair  of  marginal  plates,  showing  the  full  height  of 
their  specialized  ridges,  X  4.  Art.,  articulating  .surface  of  superomar- 
glnal ;  8a.,  superamhulacral  plate ;  int.f  actinal  intermediate  plates. 
P.  140. 
2.  Perscphonaster  hahrogenys,  type;  mouth  plates  X  8.  2a.  Same; 
eleventh  inferomarginal  and  adjacent  adamhulacral  plate,  X  8.  2b. 
Same ;  terminal  plate,  X  8.  2c.  Same ;  paxillae  from  lateral  portion 
of  area,  base  of  ray;  pcd.,  pedlcellaria,  X  16.  2d.  Same;  spinelet 
from  middle  of  inferomarginal  plate,  X  52.  2c.  Same;  spinelet  from 
near  furrow  margin  of  inferomarginal  plate,  X  52.  P.  131. 
3.  Tritonastcr  cvorua,  type;  eighth  to  tenth  superomarginal,  and  upper  end 
of  eighth  inferomarginal,  showing  lateral  spines,  X  8.  3a.  Same; 
three  paxillae  from  disk,  X  16.  3/j.  Same;  fifth  Inferomarginal  and 
2  adjacent  adamhulacral  plates,  X  8.  P.  136. 
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Plate  40. 

Ric.  1.  Dipsacaster  imperialis,  type;  abactlnal  paxilla,  from  side,  X  8.  la. 
Same;  paxillar  splnelet  much  enlarged;  compare  with  D.  diaphorua, 
16.  Same;  abactinal  plates,  X  8;  r — r,  radial  line.  P.  146. 
2.  Koremaster  evaulus,  type ;  sixth  and  seventh  inferomarginal  plates,  and 
adjacent  actinal  intermediate  {int.)  and  adambulacral  plates,  showing 
pedicellariae  (ped.),  X  6.5.  2a.  Same;  two  furrow  spines,  side  view 
X  6.5.  26.  Same ;  side  view  of  paxilla,  X  12.  2c.  Same ;  paxillae  from 
near  edge  of  paxillar  area,  with  characteristic  pedicellariae,  X  12. 
2d.  Same ;  a  pedicellaria  from  edge  of  paxillar  area,  X  12.  2e.  Same ; 
abactinal  plates  from  ray,  X  12;  r — r,  radial  line.  P.  157. 
3.  Korcmaster  evaulus  spiculatus;  fifth  and  sixth  adambulacral  plates, 
X  6.5.  3a.  Same;  abactinal  plates,  X  12;  r — r  radial  line.  36.  Same; 
side  view  of  paxilla  from  near  radial  line,  disk,  X  12.  3c.  Same,  two 
actinal  intermediate  plates  opposite  second  adambulacral  showing 
I)edicellariae  (ped.).  X  12.  3rf.  Same;  second  superomargiual  plate, 
from  above,  showing  the  adjacent  margin  of  paxillar  area,  and  3 
pedicellariae  (ped.)  belonging  thereto,  along  with  3  paxillae,  X  12. 
3c.  Same;  paxillae  from  interradial  region  of  disk,  X  12.  3/.  Same; 
terminal  plate,  X  6.5;  spinelets  removed  from  right  half.    P.  161. 
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Plate  41. 

Fig.  1.  Dipmrastcr  impcrialis,  tyi>e ;  seventh  adambiilacral  plate,  enlarged.  Itf. 
Same;  numtli  plates  with  spines  removed  for  comparison  with  hf^. 
2,  X  3.2.     P.  146. 

2.  Dipsacasier  nesiotcs,  station  5624;  mouth  plates  with  spines  removecl, 

X  3.2.     P.  145. 

3.  Dipsacaster  diaphonm,  type;  sixth  inferomarginal  and  adjacent  adam- 

biilacral plates,  X  0.6.  3f/.  Same ;  side  view  of  a  paxilla  from  near  the 
base  of  ray,  X  16.  3b.  Same ;  abactinal  paxillae,  X  16.  2c.  Same ; 
abactlnal  plates  from  inner  or  coelomic  side,  X  8.     P.  152. 

4.  Patagiastcr  sphaerioplax,   type;   fourth   inferomarginal  plate  and   ad- 

jacent actinal  and  adambulacral  plates;  inf.,  actinal  intermediate 
plates,  X  8.  4a.  Same;  abactinal  paxilla  from  vicinity  of  madreporic 
body,  X  16.     P.  154. 

5.  Luidia  prionota,  type,  sixth  Inferomarginal  and  adjacent  ninth  adam- 

bulacral plates,  X  12.  5/i.  Same;  twelfth  adambulacral  plate  from 
adoral  side,  X  12.     P.  164. 

6.  Radiastcr  notahiUs,  type;  paxillae  from  midradial  region,  at  base  of 

ray,  X  12.  6r/.  Same;  the  tenth  adambulacral  plate,  and  an  adjacent 
actinal  intermediate  plate,  X  6.5.     P.  217. 

7.  Tarachaster  tennis,  type;  abactinal  plates,  ray  near  base;  plates  to  left 

of  dotted  line  in  the  region  of  regularly  arranged  plates,   X  12.     7a. 
Same ;  adambulacral  plates  at  base  of  ray,  X  12.     P.  402. 
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I»LATE    42. 

Ijiiidia  gymnochora,  type. 

Fio.  1.   Abaetinal  surface,  p.  175. 

2.  Actlnal  surface  of  one  ray,  dried,  p.  175. 
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Plate  43. 

Fig.  1.  Luidia  avkuUiria ;  abactinal  aspect  of  type,  re<luceil,  p.  172. 

2.  Lnidia  orientaJis;  type.    Di.sk  with  all  5  rays  removeil,  p.  166. 

3.  Same ;  one  ray,  same  as  disk ;  abactinal  view. 

4.  Same;  margin  of  abactinal  area  of  ray  much  enlarged. 

5.  Luidia  lomjispina;  abactinal  view,  p.  164. 
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Plate  44. 
Fig.  1.  Luidia  orientalis;  portion  of  abactJiml  surface  of  ray,  enlar^jced,  p.  166. 

2.  Luidia  avinilaria;  j)ortion  of  abactinal  surface  of  ray,  enlarged,  p.  172. 

3.  Luidia  moroisoana;  portion  of  ray  of  a  si)ecinien  from  Japan,  for  com- 

parison with  L.  avicularia  (flg.  2)  ;  enlarged,  p.  175. 

4.  Luidia  gymnochora ;  portion  of  abactinal  surface  of  ray,  enlarged,  p.  175. 

5.  S«me;  one-half  of  an  enlarged  view  of  actinal  surface  of  ray;  further 

on  the  Fight. 
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Plate  45. 

Figs.  1,2.  Luidia  prionota;  type,  aotinal  and  abactinal  view,  enlarged,  p,  1G4. 
3.  Archaster  angulatus;  aetinai  view,  enlarged,  p.  181. 
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Plate  46. 

Fig,  1.  Luidia  gymnochora,  type;  iuferomarRlnnl,  Intennedlate,  and  adaui- 
bulacral  plates  at  about  the  end  of  the  proximal  third  of  ray;  the 
proximal  plates  of  the  3  sef?inents  denuded  of  spines;  int.,  actlnal 
intermediate  plates,  X  4.  la.  Same ;  furrow  pedi  cellar  la  from  third 
adambulacral  plate,  ventral  aspect  (the  valves  are  lateral,  not  dor- 
sal and  ventral).  16.  Same  pedicellaria  as  la,  aboral  valve,  outer 
face,  X  16.  1c.  Same;  side  view  of  a  sui)oromarginal  paxilla  near 
base  of  ray,  X  6.5.  Iff.  Same ;  the  right-hand  series  of  ahactinal 
paxillae  are  adjacent  to  the  superoraarginal  paxillae;  2  papulae  are 
shown  (p.),  X  6.5.     P.  175. 

2.  Luidia  avicularia,  type;  eighteenth  adambulacral  plate,  X  8.    2a.  Same; 

subambulacral  pedicellaria,  X  8.  2b.  Same;  aboral  aspect  of  a  fur- 
row pedicellaria,  the  actinal  jaw  to  the  right,  X  16.  2c.  Same ;  supero- 
marginal  (left)  and  paxillae  of  next  2  longitudinal  series,  end  of 
proximal  third  of  ray.     P.  172. 

3.  Luidia  oricntalis,  type;  eighth  and  ninth  adambulacral,  and  adjacent 

actinal  and  Inferomarglnal  plates,  X  6.5.     P.  1(56. 
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Plate  47. 

Fig.  1.  Cheiraster  diomcdcac;  abactlnal  aspect  of  type,  p.  200. 
2.  Cheiraster  niasievs;  abactlnal  asi)ect,  p.  192. 
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Plate  48. 

Fig.  1.  Cheiraster  ludwigi;  abactinal  view  of  type,  enlargeil,  p.  203. 

2.  Pectinaster  hylacanthus;  abactinal  view  of  type,  enlarged,  p.  187. 

3.  Cheiraster  triplaeanthus ;  actinal  view  of  type,  enlarged,  p.  205. 

4.  Same;  abactinal  view  of  tj'pe,  enlarged,  p.  205. 
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I»LATE  49. 

Fig.  1.  PcctinaHter  mimU-HH;  abactinal   aspect  of  specimen  from  station    5G30. 
enlarjred,  p.  182. 
2.  Chviraaier  ludwiffi;  t.vi)e,  actinal  aspe<'t,  enlarj?e<l,  p.  203. 
2.  CheiraMter  ludiritji;  tyi^e,  actinal  asi)ect,  enlarj^ed,  p.  203. 
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Plate  50. 

Cheiraster  gazellae. 

Figs.  1  and  2.    Abactinal  view  of  2  large  specimens,  p.  196. 
Fig.  3.  Abactinal  surface  of  small  specimen  with  very  numerous  abactinal  pedi- 
cellariae. 
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Plate  51. 

Fig.  1.  Cheiraf<ter  gazcUae;  abactlnal  view  of  a  large  specimen  upon  which 
description  is  based,  p.  196. 
2,3.  Benihopecten  polyclenius;  type,  ahactinal  view,  with  part  of  a  ray  de- 
taclied,  p.  211. 
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Plate  52. 

Fro.  1.  Cheiraatcr  gazellae;  actinal  view  of  pi.  51,  fig.  1.     See  p.  196. 

2.  Benthopccten  polycteniua;  actinal  view  of  type,  enlarged,  p.  211. 

3.  Pectinaater  mimicua   palawanenaia ;  actinal   aspect   of   type,   enlarged, 

showing  also  side  of  ray,  and  three-quarter  view  of  actinostome,  the 
inner  end  of  a  pair  of  oral  plates,  etc.,  p.  185. 
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Plate  53. 

Fio.  1.  Benthopecten  moluccanus ;  abactinal  aspect  of  type,  enlarged,  p.  208. 
2.  Benthopecten  styracins ;  nbactiDal  aspect  of  type,  enlarged,  p.  213. 
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PlJVTE  54. 

F'iG.  1.  Pectinaster  hylacanthus,  type ;  fourth  and  fifth  adambulucral,  and  third 
and  fourth  inferomarginal  plates.     F.  187. 

2.  Pectinaster  mimicus  palawanensis,  cotype ;  fifth  and  sixth  adambulacral 

plates  and  adjacent  third  and  fourth  inferomarginal  plates;  between 
the  latter,  a  superomarginal  plate  and  spine  («up.),  X  6.5.  2a.  Same; 
abactinal  plate  and  central  splnule,  from  middle  of  ray  of  the  type, 
X  16.    P.  185. 

3.  C  heir  aster  gazellae ;  thirteenth  and  fourteenth  adambulacral,  and  seventh 

and  eighth  inferomarginal  plates,  X  6.5.  3a.  Same ;  paxillae  from 
edge  of  papularlum,  X  9.6.    P.  196. 

4.  Cheiraster  niasicus;  abactinal  plates  or  paxillae  from  midradial  line, 

near  base  of  ray.  4a.  Same ;  tenth  inferomarginal,  and  adjacent  four- 
teenth and  fifteenth  adambulacral  plates,  X  6.5.    P.  192. 

5.  Cheiraster  diomcdeae,  type ;  fifth  inferomarginal,  and  seventh  and  eighth 

adambulacral  plates,  X  9.6.  5a.  Same ;  twelfth  superomarginal  and 
adjacent  inferomarginal  seen  from  side ;  note  the  intermarginal  pedi- 
cellariae,  X  9.6.  5&.  Same ;  abactinal  paxillae  from  Interradial  region 
of  the  disk,  X  12.  5c.  Same ;  abactinal  plates  from  end  of  second 
third  of  ray,  X  12.     P.  200. 

601 


Digitized  by  VjOOQIC 


Plate  55. 

Fio.  1.  Cheiraster  triplacanthus,  type;  twelfth  and  thirteenth,  superomarginal 
plates  showing  the  transverse  series  of  3  spines,  and  (x)  the  enlarged 
accessory  splnule,  X  8.  la.  Same ;  fourth  and  fifth  inferomarginal 
plates,  and  sixth  to  eighth  adambulacral  plates,  X  6.5.    P.  205. 

2.  Cheiraster  ludtoigi,   type;   sixth  inferomarginal   and  ninth   and   tenth 

adambulacral  plates,  X  6.5.  2a.  Same;  abactlnal  plates,  X  9.6. 
P.  203. 

3.  Benthopecten  styracius,  type;  fourth  supero-  and  inferomarginals,  and 

seventh  and  eighth  adambulacral  plates,  X  6.5  3a.  Same ;  abactinal 
plates,  base  of  ray,  X  9.6.    P.  213. 

4.  Benthopecten  polyctenius,  type;  third,  fourth,  and  fifth  inferomarginals, 

the  fifth  superomarginal  (sup,),  and  the  eighth  and  ninth  adambu- 
lacral plates,  the  eighth  without  furrow  siTlnes,  X  4.  4a.  Same; 
abactinal  plates,  base  of  ray,  midway  between  two  odd  Interradial 
superomarginal  plates,  X  1.6.    P.  211. 

5.  Benthopecten  moluccanuSy  type;  abactinal  plates  from  radial  region  at 

base  of  ray,  on  a  transverse  line  between  2  odd  interradial  supero- 
marglnals,  X  6.5.    5a.  Same,  cotyi)e;  third  inferomarginal,  and  sixth 
and   seventh  adambulacral  plates,    X    6.5.    5&.   Same,  type;    fourth 
superomarginal,  and  adjacent  abactinal  plates,  X  6.5.    P.  208. 
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Plate  56. 

Figs.  1, 2.  ChciraRtcr  gazvUae;  large  and  small  specimen,  enlarged,  abactlnal 
view,  p.  196. 
3,  4.  Rosastcr  mamillatus ;  actinal  and  abactlnal  views,  enlarged,  p.  247. 
5.  Ferdina  glyptodisca;  abactlnal  view,  enlarged,  p.  870. 
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Plate  57. 

Fig.  1.  Ceramastcr  smiihi;  abactinal  view  of  type,  p.  257. 
2.  Radiaster  notabilis;  abactinal  view  of  tyi)e,  p.  217. 
604 


Digitized  by  VjOOQIC 


U.  S.    NATIONAL   MUSEUM  BULLETIN    100.  VOL.  3      PL.  57 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 

48 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3       PL.  58 


Starfishes  of  theIPhilippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


Plate  58. 

Fig.  1.  Radiaatcr  notabilis;  actlnal  view  of  type,  enlarged,  p.  217. 
2.  Ceramastcr  smithi;  actlnal  view  of  type,  enlarged,  p.  257. 
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Plate  59. 


Fig.  1.  Pscudarrhastcr  oUffoporun;  ubuctinal  aspect  of  type,  p.  222. 
2.  AphroditaHtvr  mierovcrammt ;  ubactlnal  aspect  of  type,  p.  225. 
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Plate  60. 

Fig.  1.  Aphroditastcr  microccramus ;  actinal  view  of  type,  p.  225. 

2.  Paragonastcr  stcnostichus ;  actinal  surface  of  type,  p.  232. 

3.  Pscudarchastcr  oliyoporus;  actinal  surface  of  type,  p.  222. 
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Plate  61. 

Fig.  1.  Rosaster  nannus,  type ;  abactinal  aspect,  enlarged,  p.  244. 

2.  Same,  type;  actinal  aspect,  enlarged. 

3.  Rosaster  mamillaius;  actinal  view  of  type,  enlarged,  p.  247. 

4.  Same ;  abactinal  view  of  type,  enlarged. 
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Plate  62. 

Tig.  1.  Rosaster  mimicus;  abactinal  surface  of  type,  p.  250. 
2.  Nymphaster  dyscritua;  abactinal  surface  of  type,  p.  266. 
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Plate  63. 

Fig.  1.  Nymphaster  mutronatus;  abactinal  aspect  of  type,  p.  260. 

2.  Same;  actiiial  aspect  of  tyi)e. 

3.  Nymphaster  eurypkix;  abactinal  aspect  of  type,  p.  264. 

4.  Nymphaster  atopus;,  actinal  surface  of  type,  p.  285. 
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Plate  (54. 

Fig.  1.  Nymphasfer  arihrocncmls,  type ;  abactiiml  aspect,  p.  277. 

2.  Nymphastcr  aiopus,  type;  abactiiml  view,  p.  285. 

3.  Nymphastcr  jnoluccanus,  tyiie ;  abactinal  view,  p.  274. 
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Plate  65. 

Fio.  1.  Rosastvr  mimicus,  type ;  actinal  view,  p.  250. 

2.  XympMster  moluccanuSj  type ;  actinal  view,  p.  274. 

3.  Nymphaster  dyscriius,  type ;  actinal  view,  p.  208. 

4.  Nymphaster  arthrocnemis,  type;  actinal  view,  p.  277. 
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Plate  06. 

Fig.  1.  Nympha9tcr  IcptodomuH,  type;  abactlnal  view,  p.  272. 

2.  Nymphastcr  mrscres,  type ;  abactlnal  view,  p.  280. 

3.  Nymphastcr  Jiabrotatus,  tyi)e;  abactlnal  view,  p.  282. 
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Plate  67. 

Fig.  1.  NympJiastcr  Jcptodomun,  tyi>e;  actinal  view,  p.  272. 

2.  Nymphaster  mvHvrvs,  tyiH?;  nctinal  view,  p.  280. 

3.  Nymphantcr  hahrotatus,  type;  actinal  view,  p.  282. 
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Plate  68. 

Enlarged  details  of  abactinal  surface. 
Fig.  1.  Nymphaster  orthronicniiA,  p.  277. 
2.  Nymphaster  mcMcres,  j).  2S0. 
8.  Nymphaster  leptodomus,  p.  272. 

4.  Nymphaster  habrotatus,  p.  282. 

5.  Nymphaster  mueronatus,  p.  269. 

6.  Rosaster  nannus,  p.  244. 

7.  Nymphaster  molueeanus^  p.  274. 
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Plate  69. 

Enlarge<l  details  of  actinal  surface. 
Fig.  1.  Nymphastcr  arUirocnemis,  p.  277. 

2.  NyniplKistcr  mcsercs,  p.  280. 

3.  Nymphastcr  leptodomus,  p.  272. 

4.  Nymphastcr  habrotatun,  p.  282. 

5.  Nymphaster  atopus,  p.  285. 

6.  Nymphustcr  mucrmtatiis,  p.  269. 
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Plate  70. 

Enlarged  details  of  abactinal  and  actinal  surfaces. 
Fig.  1.  Rosaster  mimicus^  actinal,  p.  250. 

2.  Paragonastcr  stcnoMtichuSy  abactinal,  p.  232. 

3.  Parago7uiftter  ctcnipes  hypneanthUH,  abactinal,  p.  228. 

4.  Nymplmster  atopus,  abactinal,  p.  285. 

5.  AphroditaHtcr  microocramus,  actinal,  p.  225. 
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Plate  7L 

Fio.  1.  Paragonaster  stcnoHtichvs,  type;  abnotinal  aspect  of  type,  p.  232. 

2.  ParagonuHtcr  cienipcH  hypacanttiuH,  type;  abaotlnal  view  of  type,  p.  228. 
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Plate  72. 


Ku5. 1.  Parayonaster  ctcnipvs  hypacitnthufi,  type;  actiiial  surface,  p.  228. 
2.  NympMster  vnryplax,  type;  actiual  asi>ect,  p.  264. 
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Plate  73. 

Fig.  1.  Perissogonastcr  insignh;  nbnctiiial  view  of  type,  re<luced,  p.  236. 
2.  Atelorias  anavanthus;  abactinal  aspect  of  type,  reduced,  p.  343.  • 
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Plate  74. 

Fig.  1.  Peltaster  cycloplax;  actlnal  surface  of- type,  reduced,  p.  290. 

2.  Pcrissogonaster  insignis;  actinal  surface  of  type,  reduced,  p.  236. 

3.  Aieloriaa  anacanthtis;  actinal  surface  of  type,  reduced,  p.  343. 
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Plate  75. 
Pcltaster  cycloplax,  type ;  abactlnal  view,  p.  290. 
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Plate  76, 

Fig.  1.  Lithosotna  actinomctra ;  abactinal  surface  of  type,  reduced,  p.  298. 

2.  Lithosoma  pcnichra;  actinnl  surface  of  type,  enlarged,  p.  301. 

3.  Litho§oma  actinomctra;  actlnal  surface  type,  reduce<l,  p.  298. 
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Plate  77. 

Fig.  1.  Lithoaotna  penichra;  abactinfil  surface  of  type,  p.  301. 

2.  Iconaster  longimanus;  actinal  surface,  p.  303. 

3.  Poniioccramus  grandis;  abactlnal  surface  of  type,  p.  2&4. 
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Plate  78. 

Fro.  1.  Anthcnoides   cristaivs;   actinnl    surface   of   young   specimen,    enlarged, 
p.  329. 

2.  Same;  abactinal  surface  of  young  specimen,  enlarged. 

3.  Pontioceramust  grandis;  actinal  aspect  of  type,  p.  294. 
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PlATE  79. 

Figs.  1-3.  SteUaster  incei;  3  specimens  from  station  5358,  enlarged,   to  show 
variations,  p.  326. 

4.  IcofUister  perierctua;  abactinal  surface  of  type,  enlarged,  p.  306. 

5.  Sphaeriodisciis   scoiocryptus ;   abactinal   surface   of   type,    enlarged. 

p.  287. 
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Plate  80. 

Fig.  1.  Stellastcr  incci;  specimen  from  stution  5483,  slightly  enlarged,  showing 
absence  of  nbactinal  spines,  p.  326. 

2.  Gonioducastrr  forficulntns ;  actinal  surface,  enlarged,  p.  324. 

3.  Same;  abactinal  surface. 

4.  Sphaeriodiscus  scotocryptus ;  actinal  surface  of  type,  enlarged,  p.  287. 
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Plate  81. 

Fig.  1.  Astroccramus  lionotua;  nbactinal  nsi)ert  of  tyjw,  p.  310. 

2.  Astroccramus  s phacriost ictus ;  abactinal  aspect  of  type,  p.  313. 

3.  Iconastcr  pcricrctus;  actinal  view  of  tyi)e,  p.  306. 
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Plate  82. 

Fig.  1.  Astroceramua  Uonotun;  actiimJ  view  of  type,  p.  310. 

2.  Aatroceramus  sphacrioatictus ;  actiiml  view  of  type,  p.  313. 
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Plate  83. 

Enlurge<l  details,  both  surfaces. 
Fig.  1.  Pcltastcr  cycloplax;  actinal,  mouth  to  left,  p.  290. 

2.  Iconaster  pci-ierctus;  abactlnal,  p.  306. 

3.  Same;  actinal. 

4.  Pontioceramua  grandis;  actinal,  p.  294. 

5.  Iconaster  longimanus ;  abactinal,  p.  303. 

6.  Sphaeriodiscua  8cotocryptU8 ;  actinal,  p.  287. 

7.  Same;  abactinal. 
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Platk  S4. 

Fio.  1.  Lciaatrr  analogue;  actinnl  surface  dried,  enlarf:e<l,  p.  39G. 

2.  lAthosoma  artinomrtra :  abaetinal,  natural  size,  p.  298. 

3.  AHtroceramus  linonotvM;  al)aotinal,  p.  310. 

4.  Astroceraniita  ftphncriofttktuft ;  abaetinal,  p.  313. 
;").  Ophidiastcr  trycJmns;  aetinal,  enlarged,  p.  390. 

6.  Lithosoma  pcnirhra;  al)actinal,  sliglitly  eniarge<l,  p.  301. 

7.  Astroccramus  sphacriostictuit;  aetinal,  p.  313. 
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Plate  85. 

Fig.  1.  LiHiosoma  penichra ;  actliml  surface,  enlarged  (r=21  mm.),  p.  301. 

2.  Lithosoma  actinomctra ;  actinal  surface,  slightly  reiluwd.  p.  298. 

3.  Atclorias  anacanthus;  actinal,  p.  343. 

4.  Anihetwides  mguloauH;  abactinal,  p.  3;W. 
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Plxte  86. 

Fio.  1.  CaUiastcr  corynctcn;  nbactlnal  view  of  type,  p.  316. 

2.  Afttrothaumn  vuphyUiclcnm;  abaotinnl  aspect  of  type,  p.  820. 
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Plate  87. 

Fig.  1.  Calliastcr  corifncta;  actinal  view  of  type,  p.  316. 

2.  Asiroihauma  euphylacienm;  actinal  view  of  type,  p.  320. 
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I'LATE  88. 

Fig.  1.  Anthcnoidea  cristatus;  younjj  spooimen,  reiluced,  p.  327. 

2.  AnihenoidvH  granulostm;  actliial  surface  of  a  diietl  specimen,  reduced, 

p.  333. 

3.  Same ;  abactinal  aspect  of  type,  reduced. 

4.  Anthcnoidcs  rugulosus;  abactinal  view  of  type,  reduced,  p.  338. 
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Plate  89. 

Fig.  1.  Anthcnoidc8  cristatus;  ubactinal  view  of  full-grown  specimen,  reduceil. 
p.  329. 
2.  Anthenoides  lithosorus;  abactinul  aspect  of  type,  reduced,  p.  336. 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3     PL.  89 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 

47 


Digitized  by  VjOOQIC 


U.  8.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3      PL.  90 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


Plate  90. 

Fig.  1.  AntJienoides  rugulosus;  actinal  surface  of  type,  enlarged,  p.  338. 

2.  Anthenoides  lithosorus;  actinal  surface  of  type  (dry),  enlarged,  p.  3.*^0. 
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Plate  01. 

Fio.  1.  Aphroditastcr  microccranmSy   type ;   3   abactinal   plates,   radial    region, 
X  9.6.    la.  SaDie;  an  abactinal  plate  from  side,  X  9.6.    P.  225. 

2.  Pacudar chaster  oligoporus,  type;  fifth  adanibulacral  plate,  and  3  adja- 

cent actlnal  Intermediate  plates.  2a.  Same ;  2  abactinal  plates,  X  9.6. 
P.  222. 

3.  Romster  nannus,   type ;   2   proximal    adambulacral  plates,    X  9.6.      Za. 

Same;  median  radial  plate,  adjacent  to  the  primary  radial,  X  20. 
36.  Same;  abactinal  plates  from  the  coelomic  side;  a,  anus;  r — a, 
radial  line  of  plates ;  ir — a,  interradial  line  of  plates.    P.  244. 

4.  Rosaster  mimicus,  type ;  seventh  adambulacral  plate,  and  parts  of  2  ad- 

jacent actinal  plates.  4a.  Same ;  an  actinal  intermediate  pedicellaria. 
46.  Same ;  abactinal  plates  from  the  coelomic  side ;  r — r,  radial  plates ; 

2  plates  of  either  adradial  series  are  shown,  and  several  plates  from 

the  interradial  region,  X  6.5.    P.  250. 

5.  Rosaster  mamillatus,  type;  a  radial  (left)  and  2  adradial  plates,  X  9.6. 

5a.  Same ;  fourth  superomarginal  from  tip  of  ray  showing  the  tubercle; 
to  the  right,  2  abactinal  plates  are  shown  which  separate  the  2  series 
of  superomarginals,  X  9.6.     P.  247. 

6.  Rosaster  symholums ;  3  radial  plates  to  the  left,  and  2  adradial  to  the 

right,  showing  the  internal  connecting  ossicles,  X  6.5.    P.  253. 

7.  Ccramaster  smithi,  type;  abactinal  plates  of  radial  area  from  coelomic 

side,  X  9.6.  7a.  Same ;  fourteenth  and  fifteenth  adambulacral  plates, 
X  9.6.  76.  Same ;  one  of  the  proximal  radial  plates,  X  9.6.  7c.  Same ; 
an  adradial  plate,  X  9.6.    P.  257.  • 

8.  Pcrissogonastcr   insigniSf   type ;    twentieth   adambulacral    plate,    X  6.5. 

8a.  Same;  radial  paxilla  from  disk,  X  9.6.    P.  236. 

9.  Paragonastcr   ctcnipcs    hypacanthus ;    radial    paxilla   or   plate,    X  9.6. 

9a.  Same ;  seventh  adambulacral  plate,  X  6.5.    P.  228. 
10.  Paragonastcr  gtenoHtichus,  type;   fifth  and   sixth  adambulacral  plates, 
X  9.6.     10a.  Same;  a  paxilla  from  the  radial  series,   X  9.6.     P.  232. 
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Plate  92. 

Fio.  1.  Nyviphaatcr  mucronatus,  type;  n  rndiiil  abaotinal  plate  from  midway 
between  center  and  base  of  ray,  X  9.6.  la.  Same;  thirteenth  adam- 
bulacral  plate,  X  6.5.    P.  269. 

2.  Nymphaaier  Jcptodomus,  type;  2  consecutive  radial  plates,   X  9.6.     2a. 

Same;  sixteenth  adambulacral  plate,  X  9.6.  2h.  Same;  abactinal 
pedicellaria,  X  12.    P.  272. 

3.  NymphdHtcr   viohiccanus,    type;    radial    plate,    from    middle    of    radial 

area,  X  6.5.  3a.  Same;  seventeenth  adambulacral  plate,  X  6.5.  3/>. 
Same;  actinal  intermediate  petlicellarla  from  plates  adjacent  to 
adambulacrals.    P.  274. 

4.  Nymphaater    menercs,    type ;    radial    plate,     X  9.6.      4a.    Same ;    tenth 

adambulacral  plate  (the  first  to  touch  an  inferomarjcinal  plate), 
X  9.6.    P.  280. 

5.  NymphaHter  dyscritus,  type;  proximal  radial  plate,    X  6.5.     5a.  Same; 

sixteenth  adambulacral  plate,  X  6.5.  5f;.  Same;  pedicellaria  from 
an  adambulacral  plate.    1*.  266. 

6.  Nympliastei'  euryplax^   type;   sixteenth   and   seventeiMith   adambidacral 

plates,  the  latter  being  the  first  to  tcmch  an  inferomarprinal  at  base 
of  ray,  X  6.5.  6a.  Same;  radial  plate  from  middle  or  radial  area, 
X  6.5.    6/>.  Same ;  pedicellaria.     P.  264. 

7.  Nytnphastcr  atopus,   type;    al)actinal   plates   fnmi    radial   area,    X  9.6. 

7a.  Same;  sixth  adambulacral  plate  (the  last  one  adjacent  to  an 
actinal  intermediate  plate),  X  9.6.     P.  285. 

8.  NymphaHter  hahrotatus,  type ;  fifteenth  adambulacral  plate,   X  6.5.     8a. 

Same;  pedicellaria  on  third  adambulacral  plate.    P.  282. 

9.  Nymphnater  anthrocnvmia,   type;   a   proximal    radial   plate,    X  6.5,   and 

below  an  abactinal  pedicellaria  much  enlarged.  9/>.  Same;  twelfth 
adambulacral  plate.    1*.  277. 

10.  ^phaeriodiscuH    scotorryptuft,    type;    fimrth    adambulacral    plate,    X  9.6 

10a.  Same;  proxlTnal  radial' plate,  X  9.6.    P.  287. 

11.  Pcltastcr  cycIopla.r,   type;    radial   plates,   with   secondary   [Hates,   from 

the  coelomic  side,  X  6.5.  11a.  Same;  eiglith  adambulacral  plate, 
X  6.5.  IV).  Same;  actinal  Inlernu'diate  pedicellaria,  open.  lln. 
Same;  closed,  X  9.6.  \\d.  Same;  abactinal  pedicellaria,  X  9.6. 
P.  290. 
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Plate  93. 

Fig.  1.  Iconastcr  perierctus,  type;  primary  radial  plate  (pr),  2  radial  plates, 
and  2  adradial  plates,  la.  Same;  ninth  and  tenth  adambulacral 
plates.    P.  306. 

2.  Iconasicr  longimanus;  2  radial  plates  (r),  and  2  lateral  series,  showing 

the  pe<niliar  marginal  granules  and  pedicellariae,  X  9.6.     2a.  Same ; 
fifteenth  adambulacral  plate  (at  base  of  narrow  part  of  ray),  X  9.6. 
P.  303. 

3.  TAthosoma   actinomcira,   type ;    tenth   adambulacral   plate,    X  6.5.      3a. 

Same ;  2  radial  plates,  X  6.5.    P.  298. 

4.  Pontioceramus  grandis,  type;  twentieth  adambulacral  plate,  X  6.5.     4a. 

Same;  radial  plate  near  center  of  disk,  X  6.5.  4&.  Same;  an  actinal 
Intermediate  pedicellaria,  X  9.6.     P.  294. 

5.  CaUiaster  corytietes,  tyi)e;  eighth  and  ninth  adambulacral  plates,  and 

X  9.6     rm.  Same,  station  5248 ;  furrow  face  of  adambulacral  plates. 

Same;  abactinal  plates,  the  2  on  the  left  being  the  third  and  fourth 
from  the  primary  radial ;  lower  plate  adcentral,  X  6.5.    P.  316. 

6.  Lithosonia  penichra,  type;  the  2  plates  to  the  left  are  from  the  radial 

series ;  1  adradial  plate  with  pedicellaria,  X  9.6.  6<i.  Same ;  fourteenth 
adambulacral,  and  2  adjacent  actinal  plates,  X  9.6.  66.  Same;  from 
station  5123 ;  corresponding  plate  to  that  shown  in  6a,  X  9.6.    P.  301. 

7.  Astroihauma   cuphylacieum,   type;    tip   of   ray,   showing   the   enlarged 

distal  superomarginals,  X  3.2.    7a.  Same;  adambulacral  plate,  X  6.5. 
7&.  Same;  actinal  intermediate  pedicellaria,  enlarged.    7c.  Same;  on 
right,  fourth  to  sixth  radial  plate  from  tho  primary  radial ;  **  ndradials 
on  the  left,  X  6.5.    P.  320. 
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Plate  04. 

Fig.  1.  Astroceroinvs  sphaeriostietuitf  tyi)e ;  fourth  and  fifth  acUimbulacral  plates 
.   and  adjacent  actinal  phite,   X  9.6.     la.  Same;  a  radhil  plate,    X  G.5. 
P.  313. 

2.  Astroccramua  lionotus,  type;  fourth  and  fifth  adarabulacral  plate.s  and 

adjacent  actinal  plate,  X  9.0.  2a.  Same ;  2  radial  plates,  X  6.5. 
P.  310. 

3.  AteloHas  anacanthus,  type;   sixth   adambulacral  plate.     3a.  Same;   ac- 

tinal pedicellaria  near  adaml)ulacrals.  3&.  Same;  radial  plates;  2 
plates  have  been  treate<l  with  caustic  potash  to  show  granules,  X  6.5. 
P.  343. 

4.  Ant hcnoi (left  yranulosua,  station  5624 ;  seventh  adambulacral  plate,  X  6.5. 

4a.  Same;  an  actinal  pedicellaria;  below,  one  jaw  from  side,  X  12.  4b. 
Same;  abactinal  pedicellariae,  dry,  X  9.6.    P.  aS3. 

5.  Antficnoides  ruguloHuSy  type;  seventh  adambulacral  plate;  specimen  not 

dry.  X  5.  5a.  Same;  actinal  pedicellaria  adjacent  to  adambulacral 
plate,  X  12.  5/i.  Same;  small  portion  of  abactinal  surface  In  radial 
region,  bhowing  2  pedicellariae  and  wrinkled  skin,  X  12;  p.,  papulae; 
pd.j  pedicellariae.    5c.  Same;  closed  pedicellaria.    I*.  338. 

6.  Anthcnoidcs  Utiwsorns,  tyjje,  dried ;  eighth  ndambulacral  plate,  X  5.     6a. 

Same;  actinal  intermediate  pedicellariae.  adjacent  to  furrow,  X  9.6. 
P.  336. 

Qb.  Same;  a  pedicellaria  and  a  granule,  X  9.6.  6c.  Same;  abactinal 
pedicellaria  from  side,  X  16. 

7.  Ilalityle  rc(/ulariit,  type;  actinal  view  of  2  adambulacral  plates,  and  a 

portion  of  an  intermediate  plate,  X  5.  7a.  Same;  dried  specimtMi ;  fur- 
row face  of  an  adambulacral  plate;  on  either  side  the  furrow  spines 
have  been  removed  to  show  actinal  surface,  X  9.6.    P.  362. 

8.  PentaccropniM   tyhnlcrma,   type;   2   adamblacral  plates   from   middle   of 

ray,  furrow  margin  to  right;  the  subambulacral  .spines  have  been 
removed  from  the  distal  plate,  X  6.5.  8a.  Same ;  acthial  intermediate 
ptHlicellaria  opposite  third  adambulacral  plate,  X  9.6.  Sb.  Same; 
abactinal  pedicellariae  from  papular  area,  middle  of  radial  region, 
nuich  enlarge<l.    P.  350. 
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Plate  95. 

Fig.  1.  Aatcrodiacus  helonotvs,  type ;  tubercles  on  central  portion  of  disk,  X  6. 
la.  Same;  2  adambulacral  plates,  X  6.5.    P.  357. 

2.  Fromia  custicha,  type ;  fourteenth  and  fifteenth  plates,  X  9.6.    P.  375. 

3.  Fromia  heniiopla,  type;  2  adambulacral  plates  from  proximal  third  of 

ray,  X  9.6.    P.  377. 

4.  Ferdina  glj/ptodisca,  type;  furrow  face  of  an  adambulacral  plate,  mid- 

dle of  ray,  the  adoral  side  to  right,  X  9.6.  4a.  Same ;  the  adambulacral 
spines  seen  from  the  actinal  surface;  the  dotted  lines  indicate  the 
limits  of  a  plate ;  adoral  side  of  plate,  below,  X  9.6.  46.  Same : 
integument  adjacent  to  basal  plate  (part  of  which  is  shown  on  the 
left)  showing  the  granules,  X  9.6,    P.  370. 

5.  Ophidiaater  -fuacus,  station  5248;  actinal  view  of  3  adambulacral  plates. 

X  9.6.  5o.  Same,  station  5248 ; ;  furrow  face  of  adambulacral  plates. 
X  9.6.  56.  Same;  an  adradlal  plate,  showing  tubercle,  pedicellaria, 
and  adjacent  papular  area,  X  9.C.  5o.  Same,  station  5641 ;  a  pedicel- 
laria, enlarged.    P.  388. 

6.  Ophidiaster  trychnuH,  type ;   adambulacral   plates,   base  of  ray,    X  16. 

6a.  Same,  cotyi>e;  an  abactlnal  i)edicellarla,  X  16.  66.  Same,  cotype; 
the  form  or  alveolus  of  an  abactlnal  pedicellaria,  X  16.  6c.  Same, 
type;  furrow  face  of  2  adambulacral  plates,  X  16;  ad,,  adoral  side. 
6d.  Same,  type ;  radial  plates,  near  ba.se  of  ray,  X  16.    P.  300. 

7.  Leiaster   analogns,    station    5165,    dried ;    adambulacral    plates,    X  9.6. 

P.  396. 

8.  Bunaster   WhodeH,    type;    actinal    surface,   near   base   of    ray,    X12; 

adambulacral  plates  to  right;  the  subambulacral  spines  are  in  the 
middle.  8a.  S4ime;  a  pedicellaria  from  an  abactlnal  plate,  in  an  inter- 
radlus,  much  enlarged.  86.  Same;  abactlnal  granules  and  pedicel- 
larlae,  much  enlarged.    P.  398. 

9.  Nardoa  tumulosa,  station  5160;  2  adambulacral  plates  near  middle  of 

ray,  X  6.5.    P.  386. 
10.  Halityle  reguJaris;  abactlnal  plates  from  the  middle  of  the  radial  region, 
and  from  the  coelomic  side,  natural  size.    P.  362. 
642 


Digitized  by  VjOOQIC 


.  S.   NATIONAL  MUSEUM 


BULLETIN    100,  VOL.  3      PL.  96 


> 


it^ 


"V 


•  4a 


ad. 


6d 


5c 


'\ 


^:*-^ 


■^     |» 


(f 


'^^^     « 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3      PL.  96 


Starfishes  of  the  Philippine  Seas^and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


Plate  96. 

KiG.  1.  AHtcrodiacus  hclonotuSj  tyi»e;  iibucliiial  surface,  p.  357. 
12.  Same;  iM)rtion  of  actinai  surface. 
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Plate  97. 

Fig.  1.  Pcntaccropsia  tyloderma,  type ;  abaetinal  surface,  p.  350. 

2.  Astcrodi8cus  clcgans;  specimen  photographed  from  side,  p.  355. 
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Plate  98. 

Fig.  1.  Ilalitylc  rvlfularin;  actliml  surface  of  tyiKs  rediictMl,  p.  :i()2. 
2.  PcntavcropHin  tylodvrma ;  uctiiuil  surface  of  type,  p.  \VrA). 
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Plate  99. 

Halitijle  regularise  tyiK\ 

Fig.  1.  Specimen  i)hot()f,'raphe(l   from   side   to  sliow  niargiiml   plates,    retluced, 
p.  362. 
2.  Abactinal  view,  allowing  the  regular  papular  areas,  reduced. 
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Tlate  10(K 

Kkj.  1.  Pcniarcropsifi  tiflodcrma;  i>ortion  of  radial  region  of  ahuctinnl  surface, 
enlarged,  p.  350. 

2.  HnHiyJv  r<f/it!<iris;  side  of  body  showing  marginal  plates  and  end  of  ray, 

p.  362. 

3.  Same;  apical  area  showing  the  regular  papular  areas. 
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Plate  101. 

Fig.  1.  Orcaster  alrcolatus;  ab«aotinal  view,  reduced,  p.  348. 
2.  Astcrodisciis  elcgans;  abnctinal  view,  p.  355. 
648 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM  BULLETIN    100.  VDL.  3      PL.  10 H   1 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3      PL.  102 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


Plate  102. 

Fig.  1.  DiHHopcnvH  styracia ;  portion  of  aetinal  surface  of  type,  enlarged,  p.  3(i8. 
2.  Orcastcr  nodoHun;  abactlnal  surface,  reduced,  p.  346. 
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Plate  103. 

Fig.  1.  Dissogcnes  styracia;  abaotinal  asi^ect  of  type,  p.  368. 

2.  Ophidiaster  trychnun;  abactinal  view  of  type,  enlargetl,  p.  390. 

3.  Same;  actinal  view  of  type,  enlarged. 

4.  Ophidiaster  f uncus;  actinal  aspect,  p.  388. 
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Plate  104. 

F'liti.  1.  Oi)hidiiiHtcr  fuscua;  abactinal  view,  eiilargeil,  p.  388. 

2.  Ferdvna  ylyiitodiHva ;  abactiual  view,  eularged,  p.  370. 

3.  Icomister  lonfflmanus ;  abactinal  view,  enlarged,  p.  303. 
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IM.ATE    105. 

Fig.  1.  Fromia  ctisticha^  type ;  fibactinal  view,  outer  part  of  one  ray  with  gran- 
ules removeil  to  show  plates,  p.  375. 

2.  Fromia  hcmiopla,  type ;  abactinal  view,  p.  377. 

3.  Nardoa  semireyularis ;  abactinal  aspect,  p.  383. 

4.  Fromia  japoniva;  abactinal  view,  p.  373. 

5.  Nardoa  squamulosa;  abactinal  view,  p.  383. 
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Plate  306. 

Fig.  1.  Fromia  cusikha,  type;  actinal  surface,  p.  375. 

2.  Fromiu  japonica,  station  5251 ;  actinal  surface,  p.  373. 

3.  Fromia  hemiopla,  tyi)e;  actinal  surface,  p.  377. 

4.  Fcrdina  glyptodisca,  type;  jfctiual  surface,  p.  370. 
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Plate  107. 

Enlarjred  details  of  abactinal  and  actinal  surfaces. 
Fig.  1.  Fromia  japonica ;  actinal.  p.  373. 

2.  Fromin  ficyniopla;  abactinal,  p.  377. 

3.  Fromia  custicha;  abactinal,  p.  375. 

4.  Fromia  hemiopla;  actinal,  p.  377. 

5.  Fromia  custicha;  actinal,  p.  375. 

6.  Ophidmstcr  trychnus:  abactinal,  p.  390. 

7.  Fromia  japonica;  abactinal,  p.  373. 
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Pr^TE  108. 

Fig.  1.  Nardoa  mollis;  Mor  Island  (Murray  Islands),  Torres  Strait.     (M.  C.  Z. 
Coll.)     P.  381. 

2.  Nardoa  novaC'Caledoninc ;  Mer  Island.     (M.  C.  Z.  Coll.)     P.  379. 

3.  Nardoa  pauciforis;  No.   2322,   Museum   of  Comparative  Zo<)lop:y,   Mer 

(Murray  Islands),  Torres  Strait.     P.  381. 

4.  Nardoa  variolata,  Mauritius.     (M.  C.  Z.  Coll.)     P.  379. 
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Plate  109. 

Fig.  1.  Nardoa  frianti;  abactinal  surface,  p.  385. 

2.  Niirdoa  tvmtiloaa;  abactinal  surface  of  type,  p.  386. 

3.  Patiriella  exigua;  abactinal  surface  of  a  specimen  from  Panbutan  Bay, 

p.  416. 

4.  Same;  actinal  surface  of  same  specimen,  enlarged. 
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Plate  110. 

Fro.  1.  Nardoa  tubcrettiata;  abaotinal  surface;  p.  .384. 

2.  Ophidiastcr  duhiosuft;  abaotinal  surface,  enlarged,  p.  394. 

3.  Anficropoda  macropora ;  nl)a('tinal  surface  of  type,  enlarged,  p.  424. 
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Plate  111. 

Enlarged  details  of  abactlnal  and  actinal  surfaces. 
Fro.  1.  Nardoa  squamulom;  abactinal,  p.  383. 

2.  Nardoa  tumulosa;  nbactinal,  p.  386. 

3.  Nardoa  frianfi;  abactinal,  p.  3Si). 

4.  Ophidiaster  diibiosus;  abactlnal,  p.  394. 

5.  Ophidiaater  fuscns;  abactlnal,  p.  388. 
0.  Sanie;  actin?*!. 
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Plate  112. 

Fks.  1.  Leiastcr  analoyus,  type;   abactinal  aspect,  showing  also  the  side  and 
actinal  surface,  p.  396. 
2.  Echinaster  callosun;  actinal  asjject,  allowing  also  the  side  of  2  rays, 
p.  428. 
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PlJVTE   113. 

Fig.  1.  Nepanthia  jouhini;  abaotinal  surface,  enlarged,  p.  423. 

2.  Same;  actlnal  surface,  enlarged. 

3.  Nepanthia  maculatd;  abactinal  surface,  enlarged,  p.  422. 

4.  Same ;  actinaF  view,  enlarged. 
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Plate  114.* 

Fig.   1.  Parancpanthia   plat udincu ;   abiictinal   surface  of  tyiH?.     The   sijfnelets 
have  been  removed  from  an  area  of  one  ray,  p.  420. 

2.  Astcrinopsis  pedictilaru ;  actinal  view  of  type,  p.  417. 

3.  Same;  abactinal  view  of  type. 

4.  Parancpanthia  platydisca ;  actinal  aspect  of  the  type,  p.  420. 

G61 


Digitized  by  VjOOQIC 


Plate  115. 

Fig.  1.  Aatcrina  coronata  cuerccs;  abactinal  aspect  of  type,  enlarged,  p.  414. 

2.  Same;  actinal  view  of  type,  enlarged. 

3.  Astcrina  coronata  crintata  ;  abactinal  view  of  type,  p.  411. 

4.  Astcrina  ccphcus;  abactinal  view,  enlarged,  p.  411. 
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Plate  116. 

Enlnrped  details. 
Fros.  1, 2.  Astcriria  coronata  encrccft;  type,  p.  414. 

3.  Zoronsicr  carinatnn   phUipinncnsis ;  spines   cleaned   from   a   portion 
of  ray,  p.  477. 
4,5.  Pnranepanthia  platydiHca;  type,  p.  420. 
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Plate  117. 
Aranthastcr  hrcrispinus;  abnctinal  view  of  tyi^e,  p.  442. 
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Plate  118. 

Kic;.  1.  Acnnthnstcr  brcvispinus ;  portion  of  aotinal  surf  nets  [).  441*. 

2,3.  Hciiricia  drnHispina ;  enlarj*e<l,  p.  430. 

4.  Henrieia  arrj/stata ;  [M)rtion  of  ray  imich  onlarpCMl.  p.  430. 

5.  Hcnricia  arcffstala ;  aetinal  view,  enlarpced. 
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Plate  119. 

Fig.  1.  Henricia  d cnai spina ;  actinnl   surface  of  specimen  from  station  5523. 
p.  436. 

2.  Same;  abactlnal  view  of  another  specimen  from  station  5523. 

3.  Same;  abactlnal  view  of  specimen  from  station  5519.  enlarged. 

4.  Henricia  arcystaia;  portion  of  abactlnal  and  lateral  aspects  of  2  rays  of 

type,  enlarged,  p.  439. 
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Plate  120. 

Fig.  1.  Xcnorias  polyctvniua ;  net i rial  view  of  type,  p.  451. 

2.  Jlniricia  arcyHtata;  actiiml  view  of  type,  p.  439. 

3.  Ifcnricia  microplax;  aotinal  aspect  of  tyi)e,  p.  437. 

4.  TaracJiUHtcr  tcnuift;  abactinal  view  of  type,  p.  402. 

5.  HenrUda  inicropUu- ;  abactinal  view  of  tyi)e,  p.  437. 
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Plate  121. 

Fig.  1.  AsierinopHis  pedivcllaris ;  type,  actinal  view,  enlarged,  p.  417. 

2.  Hcnricia  microplax;  type,  abactinal  view,  enlarged,  p.  437. 

3.  Tarachastcr  tenuis;  type,  actinal  view,  enlargetl,  p.  402. 
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Plate  122. 

Fig.  1.  Othilia  purpurea;  abactlnal  view,  p.  432. 

2.  Echinaster  stcreosomus ;  actiiml  surface  of  type,  p.  430. 

3.  Same;  abactlnal  surface  of  type. 

4.  Echinaster  callosus;  abactlnal  surface  of  young  siHJciraen,  p.  428. 

5.  Same;  actlnal  surface. 
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Plate  123. 

Fig.  1.  Xenorias  jfolj/vt cuius;  abnctinal  view  of  type,  enlarged,  p.  4.">1. 
2.  Lophaatcr  suluensis;  abactinal  view  of  type,  enlarged,  p.  449. 
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Plate  124. 

Fig.  1.  Crossaster  scoiophilu8 ;  abactinal   view  of  type,  partly  dry,  enlarged, 
p.  447. 

2.  Hymenastcr  hartschi;  abactinal  view  of  type,  p.  465. 

3.  Lophaatcr  stiJucnsU;  actinal  surface  of  type,  enlarged,  p.  449. 

4.  BunaMcr  lithodcs;  abactinal  view  of  type,  much  enlarged,  p.  398. 
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Plate  125. 
Solaattr  tropicus;  abactinal  view  of  type,  p.  _  _. 
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Plate  126. 

Fig.  1.  Tarachaster  tenuis;  actiiial  view  of  type,  enlarged;  the  rnj's  are  twisted 
so  as  to  show  also  the  side  and  dorsum.    The  plates  of  one  actinal 
Interradial  area  have  lieen  denuded,  as  also  a  portion  of  the  actinal 
surface  of  one  ray,  p.  402. 
2.  SoloHtrr  tropiruft;  actinal  surface  of  type,  p.  444. 
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Plate  127. 

Fig.  1.  Ptcrnstcr  obcHun  myonotus;  abactinal  view  of  type,  p.  458. 

2.  Ptcraster  corynctcn;  aetinal  view  of  type,  p.  456. 

3.  Same;  abactinal  view  of  tyi^. 

4.  Hi/mcnastvri(1cs  zenognnthus ;  artinal  view  of  type,  p.  468. 

5.  Same;  abactinal  view  of  type. 
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Plate  128. 

Fig.  1.  Ptcrastcr  corynctcs;  act i mil  view  of  type,  enlarged,  p.  456. 

2.  HyvicnaHtcridvs  zenofjnathus ;  actlnal   asi)ect  of  type,   luucii  eulargetl, 

p.  468. 

3.  Ptcrastcr  obcsua  mywioiufi;  actinnl  view  of  type,  enlarged,  p.  458. 

675 


Digitized  by  VjOOQIC 


Plate  129. 

Hymenafitcr  rhodopcplus ;  abactinal  view  of  tyi>e,  eiihirjreil,  p.  463. 
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Plate  130. 


Fig.  1.  Ilymcnastvr  rhodopvplus ;  actinal  view  of  type,  p.  4(53. 
2.  Diploptcrastcr  multipcs  patoyiatus;  abactinal  view  of  type 


of  type,  p.  -Kill. 
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Plate  131. 

Fig.  1.  Dissogenes  styracia,  tyy>e ;  radial  plates,  baJSe  of  ray;  X  6.5.  la.  Same ; 
fifth  and  sixth  adambulacral  plates  X  6.5.  lb.  Same;  abnctinal  plates 
with  the  firranules  removed,  near  middle  of  ray,  X  4.    P.  368. 

2.  Marginastcr  paucispinus,  type;  actlnal  surface  showing  last  5  (third  to 

seventh)  inferomarginal  plates,  and  distal  adambulacrals,  X  9.6.  The 
last  2  marginals  are  partly  hidden;  int.,  actinal  Intermediate  plate. 
2a.  Same;  abactinal  .«?iirface,  showing  arrangement  of  plates,  X  5; 
ft,  primary  basal ;  r,  primary  radial ;  am  i,  the  first  superomarginal ; 
tr,  interradial  line.    P.  407. 

3.  Anseropoda  macropora,  type ;  external  view  of  abactinal  plates,  showing 

the  enlarged  plates  surrounding  the  papular  pores ;  r,  the  radial  series 
of  plates,  X  16.  3a.  Same  (cotype ;  one  of  the  proximal  papular  pores, 
with  enlarged  and  normal  plates,  X  16.  3ft.  Same ;  2  adambulacral  and 
3  adjacent  actinal  intermediate  plates.    P.  424. 

4.  Aatcrina  caronata  cristata,  type;  an  adambulacral  plate  and  an  actinal 

Intermediate  plate,  int.,  X  9.6.  4a.  Same;  abactinal  plates  adjacent  to 
the  radial  line,  showing,  on  the  right,  2  of  the  enlarged  plates,  X  12. 
P.  411. 

5.  Afitcrina  coronata  ciicrces,  type;  an  adambulacral  plate,  and  an  actinal 

intermediate  plate  to  the  left  {int.),  X  20.    5o.  Same,  type;  abactinal 
plates  of  disk,  near  the  interradial  line  {ir),  each  with  a  pedlcellaria 
(pc(?.),  X  12.    P.  414. 

6.  A<*ttntfHHit('rbrerispinii8,  cotyi>e ;  3  adambulacral  plates,  X  6.5;  the  upi)er, 

which  is  distad,  has  the  furrow  spines  removed  to  show  the  furrow 
pedlcellaria  beneath  (fp)  ;  note  the  subambulacral  pedlcellaria  (ped.). 
6a.  Same;  2  abactinal  spines,  X  12.    66,  c,  d.  Same;  3  abactinal  pedi- 
cellariae.    P.  442. 
678 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM 


BULLETIN    100.  VOL.  3      PL.  131 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


U.  8.  NATIONAL  MUSEUM 


BULLETIN    100.  VOL.  3     PL.  132 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


1»LATK    132. 

Fig.  1.  Paranepanthia  pUitydiHca,  type;  eleventh  and  twelfth  adanihulacral 
plates  with  the  2  adjacent  aetinal  intermediate  plates  {int.)  X  9.6. 
1q.  Same;  an  adambulacral  and  an  intermediate  plate  {int.),  middle 
of  ray,  X  9.6.  1&.  Same ;  ahactinal  plates,  middle  of  ray ;  the  arrows 
mark  the  division  between  the  radial  and  lateral  areas ;  X  9.6.    P.  420. 

2.  Astcrinopais  pediccUaris,  type;  an  abactlnal  plate  from  near  interradius 

X  10.    *JUi.  Same,  tenth  to  twelfth  adambulacral  plates,  with  adjacent 
intermediate  plates  {int.),  X  16.     P.  417. 

3.  Henricia  micropUij',  tyi)e;  furrow  face  of  an  adambulacral  plate,   X  8. 

P.  437. 

4.  Henricia  arrystata,  type;  profile  view   (adoral  side)  of  the  fifth  adam- 

bulacral plate,  X  8.    P.  439. 

5.  rni-^.  Echinaitier  calloKus ;  deposits  in  skin  of  large  specimen,   X  400. 

5d,  Tk'.  Same ;  station  5138 ;  deposits  in  skin  of  small  specimen.    P.  428. 

6.  6a-6r.  E('hina8tcr  stcreosomuH,  type;  deiM)sits  in  skin,  X  400.    P.  430. 

7, 7a,  lb.  OihUia    purpurea^    station    51(50 ;    deposits    in    the    skin',    X  400. 

P.  432. 
8.  Lophaster   suluerisia,    type;    seventh    and   eighth    adambulacral    plates, 

aetinal  intermediate  plates,  fourth,   fifth,  and   sixth  inferomarglnals 

(i)    and  2  superomarginals    («).     8a.  Same;   adradial  paxillae,  base 

of  ray.    I*.  449. 
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Plate  133. 

Fio.  1.  Xetiorias  polpctenius,  type;  2  adambulacral,  3  adjacent  inferomarginal 
(i)  and  2  superomar^inal  plates  («),  X  8.  la.  Same;  superomar^- 
nal  and  inferomarginal  plates  from  the  side,  X  6.5 ;  the  spines  point 
toward  the  end  of  the  ray.  lb.  Same;  abactinal  pseudopaxillae,  base 
of  ray.  X  6.5.    P.  451. 

2.  Solaster  tropicus,  type;   thirteenth   and   fourteenth  adambulacral,   and 

adjacent  actinal  plates,  showing  the  heavy  investment  of  the  spines, 
X  5.  2a.  Same ;  abactinal  plates,  dried,  from  near  median  line  and 
the  proximal  third  of  ray,  X  6.5.  2b.  Same ;  abactinal  pseudo- 
paxillae  with  the  integument  covering  the  plates  and  spines.     P.  444. 

3.  Crossaster  scotophilus,  type ;  fourteenth  and  fifteenth  adambulacrals  and 

adjacent  inferomarginal  plates,  X  8.  3a.  Same ;  abactinal  plates  at 
base  of  ray  and  near  median  line,  X  6.5.     P.  447. 

4.  Ptcrasttr  obesus  myonotns,  tyi)e;  mouth  plates,  X  6.5.    P.  458. 

5.  Pteraster  corynctea,  type;  a  paxlUa  from  the  side,  showing  5  charac- 

teristically formed  spln«?s,  X  12.  5a.  Same ;  paxlUae  and  the  supra- 
dorsal  membrane  near  center  of  disk,  X  6.5.    P.  456. 

6.  Hyrnenaater  rhodopcplus,  type;  second  and  third  adambulacral  plates, 

X  8.     P.  463. 

7.  Hymenaster  bartschi,  tyi)e ;  second  adambulacral  plate,  X  8.     P.  465. 
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Plate  134. 

Hymenasterides  senognathua,  type;  oral  angle  showing  mouth  plates 
and  the  first  6  adambulacral  plates  of  one  side,  3  of  these  are  obviously 
••prominent"  plates  (p)  and  between  them  are  the  alternate  smaller 
adambulacrals,  each  with  1  spine  (wp),  X  8.    P.  468. 

Myxaster  medusa,  type ;  abactlnal  plates  from  the  inside,  X  8.  2a. 
Same;  adambulacral  plates  denuded  of  spines;  the  furrow  margin  is 
toward  the  left;  X  4.  2  &,  c,  d.  Same;  3 abactinal  plates,  disassociated; 
the  attachment  point  of  the  spines  is  shown  by  the  slight  bosses  on 
the  plate,  X  8.  2c.  Same ;  oral  angle,  with  mouth  plates  and  2 
adambulacral  fans  on  either  side,  X  2.5.     P.  454. 

Cncmidaster  wyvillii,  station  5582;  2  prominent  adambulacral  plates, 
and  between  them  a  "  nonprominent "  plate,  X  8.  3a.  Same, 
station  5607 ;  3  "  prominent "  and  2  nonprominent  plates ;  a  nonpromi- 
nent plate,  and  a  prominent  plate  without  spines,  X  8.    P.  480. 

Zoroaster  microporus,  type ;  the  furrow  projection  of  a  prominent  plate 
from  the  adoral  side,  showing  3  furrow  spines.  4a.  Same ;  a  **  promi- 
nent "  and  a  "  nonprominent "  plate,  actinal  view,  X  8.    P.  475. 
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Plate  135. 

Fig.  1.  Byihiolophus  acanthinus,  type;  abactinal  plates  ami  on  the  left,  3  series 
of  lateral  plates ;  c,  carinal  or  radial  series ;  s,  superomarginal  plates ; 
the  spines  have  all  been  removed,  X  4.  la.  Same ;  3  adambulacral 
plates,  from  proximal  third  of  the  ray,  X  9.6;  on  the  right  2  lateral 
spines  of  the  lowermost  series  are  shown,  lb.  Same;  a  pedicellaria 
from  an  adambulacral  spine,  enlarged,  le.  Same;  cross  section  of  a 
ray  X  3.2 ;  c,  carinal  plates ;  8,  superomarginal  plates ;  t,  inferomargi- 
nal  plates;  «a,  superambulacral  plates.    P.  484. 

2.  Zoroaster   ophiactiSy    type ;    2    adambulacnil    plates,    X  8.      2a.    Same, 

station  5684,  specimen  with  Ii=120  mm. ;  2  adambulacral  plates. 
2b.  Same,  type;  side  view  of  ray  showing  spines  and  pedicellariae, 
X  8 ;  1  large  spine  is  shown  from  each  of  the  3  lowest  tiers  of  lateral 
plates,  near  base  of  ray.    P.  473. 

3.  Zoroaster    carinatus    philippinensis,     type;     2     adambulacral     plates: 

the  adoral  side  is  below ;  X  8.  3a.  Same,  type ;  profile  view  from 
adoral  side  of  a  prominent  adambulacral  plate,  X  8.     P.  477. 

4.  Coronaster  volsellatus;  major  pedicellaria,  length  about  1,75  mm.,  X  20 

4a.  Same ;  another  view  of  a  major  pedicellaria.     P.  496. 
5.  Coronaster   halicepus,    type;    a    major   pedicellaria,    length    about    1.5 
mm.,    X  20.     5a.   Same;  profile  view  of  a  major  pedicellaria.    X  20. 
P.  497. 
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Plate  136. 

Flo.  1.  Zoroaster  ophiactis,  type ;  the  longest  ray  reaches  to  lower  right  corner 
of  plate,  p.  473. 
2.  Zoroaster  microporus,  type;  a  miitilatod  ray  on  the  ri.u:ht  side  has  the 
plates  denuded,  p.  475. 
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Plate  137. 

Zoroaster  carinahtfi'  philipttinensiH,  abactinal  view  of  the  type   (largest)    and 
2  partly  grown  si>eclniens,  reduced,  p.  477. 
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Plate  138. 
Cnemidaster  icyvillH,  abactinal  aspect. 

Fig.  1.  Immature  specimen,  p.  480. 

2.  Mature   specimen. 

3.  Dislj  of  1,  considerably  enlarged. 
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Plate  139. 

Fig.  1.  Bythiolophus  acanthinvs;  abactinal  aspect  of  type,  enlarged,  p.  485. 

2.  Same ;  portion  of  actinal  surface  of  tyi)e,  enlarged,  p.  485. 

3.  Zoroaster  ophiuctis;  portion  of  actinal  surface  of  type,  enlarged,  p.  473. 

4.  Zoroaster  mieroporus;  portion  of  actinal  surface  of  type,  slightly  en- 

larged, p.  475. 
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Plate  140. 
CoronaHter  hnlicepus;  disk  and  4  rays  of  type.  p.  497. 
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Plate  141. 

Fig.  1.  Tarsaster  distichopus;  abactinal  view  of  type,  enlarged,  p.  490. 

2.  Distolaatenas  hypacanthus :  abactinal  view  of  cotype,  p.  487. 

3.  Same;  actlnal  view  of  type. 


Digitized  by  VjOOQIC 


U:'8^  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3      PL.  141 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3      PL.  142 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


PlyA  TK   142. 

Fig.  1.  Odinia  penichra,  type;  abactliml  view  enlarged;  side  view  of  tenmiiMl 
portion  of  ray  on  the  riglit,  p.  505. 
2.  PcdicellaHter  chirophoruM,  type;  nbaotinal  aspect,  enlarged,  p.  499. 
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Plate  143. 

Fig.  1.  Odinm  maffister,  tyiH?;  abactinal  aspect  of  ray,  re<luce(l,  p.  507. 

2.  Same;  lateral  aspect  of  ray.     A  piece  of  black  pai)er  has  been  placed 

back  of  .2  lateral  combs. 

3.  Craterobrisinga  €U€or]fi\e,  type ;  lateral  view  of  ray,  p.  514. 
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Plate  144. 

Fic  1.  FreyellttHter  ttpatnUfcr ;  type,  enlarged,  p.  538. 

2.  Odinia  magistcr;  side  view  of  ray,  enlarged,  p.  507. 
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Jirisinga  trachy disco ;  abactlnal  view  of  type,  reduced,  p.  510. 
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Plate  146. 
Brismgenes  ancMsta;  abactinal  view  of  type,  reduced,  p.  521. 
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Plate  147. 

Fir. 8.  1,  2.     Astrostephane  moluccana;  abactinal  view  of  costal  region  of  • 
disk  of  the  typey  p.  526. 
3,  4,  5.  Brisingenes  mirrica:  the  disk,  and  2  rays  of  the  type,  p.  518. 
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Plate  148. 

Fxos.'l,  2, 3,  Astrostephane  acanthogenys ;  tj'pe.    Fig.  1  is  much  enlarged,''p/528. 
4,5,6.  Craterobrisinga  eucoryne;  disk  and  2  rays  of  type,  p.  514. 
7, 8.  Craterobrisinga  analoga ;  disk  and  ray  of  type,  p.  516. 
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Plate  149. 

Enlarged  details  of  rays. 
Fig.  1.  Craterobrisinga  analoga ;  side  view,  p.  516. 

2.  Craterohrisinga  eiicoryne;  side  view,  p.  514. 

3.  A8trostephane  moluccana,  p.  526. 

4.  Brisingenes  mimica,  p.  518. 

5.  Brisinga  trachydisca,  p.  510. 


Digitized  by  VjOOQIC 


U.  S.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3      PL.  149 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


U.  8.  NATIONAL  MUSEUM  BULLETIN    100.  VOL.  3      PL.  150 


Starfishes  of  the  Philippine  Seas  and  Adjacent  Waters. 


Digitized  by  VjOOQIC 


Plate  150. 

Stegnobrisinga  plcLCoderma,  type. 

Kio.  1.  Enlarged  view  of  a  portion  of  the  costal  region  of  a  dried  ray,  p.  531. 
2.  Abactinal  view,  reduced. 
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Plate  151. 

Fig.  1.  Coronaster  haliccpus,  type;  an  inferomarginal  spine,  and  5  adambu- 
Incral  plates,  showing  major  and  minor  pedicellariae,  X  6.5.  la. 
Same;  mouth  plates;  2  large  major  pedicellarlae  are  attached  on  the 
middle  of  the  actlnostomial  margin ;  X  6.5.  lb.  Same ;  a  pedicellaria 
(length,  1.25  mm.)  from  adambulacral  plate,  X  40.  Ic.  Same:  a 
pedicellaria  (length,  0.58  mm.)  from  a  superomarginal  spine,  X  60 
(compare  with  2,  2a).  Id,  Same;  a  pedicellaria  from  skin  of  side  wall 
of  ray.    P.  497. 

2.  2a.  Coronaster  voUcllatus,  station   5391;   pedicellarlae   from   marginal 

spines  (length,  0.45  mui.),  X  60.  26.  Same;  large  pedicellaria  from 
adambulacral  plate,  X  40  (compare  with  lb).  2c.  Same;  pedicellaria 
from  skin  of  side  of  ray  (compare  with  Id).    P.  496. 

3.  Odinia    penichra,    type;    thirteenth    to    fifteenth    adambulacral    plates. 

costal  region,  X  8 ;  one  lateral  spine  and  plate  are  shown.    P.  505. 
3a.  Same;  articulating  surface  of  ambulacral  plates  of  disk,  where  ray  has 
been  broken  off,    X  8.     3b.   Same ;   mouth  plates  and  first  pair  of 
adambulacrals,    X  8.      3c.    Same;    pedicellaria    (length,    0.25    mm.) 
from  small  furrow  spine,  near  base  of  ray,  X  160. 

4.  Odinia   magister,    type;    a    i)edicellaria    from    a    subambulacral    spine 

(length,  0.13  mm.),  X  200.    P.  507. 

5.  Distolastcrins  hypacanthaj  type;  major  pedicellaria   (length,  1.25  mm.) 

from  dorsal  integument,  X  40.  5a.  Same ;  pedicellaria  from  dorsal 
spine  (length,  0.30  mm.),  X  80,     P.  487. 
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Plate  152. 

F^o.  1.  Brisinga  trachydisca,  station  5487;  articulating  surface  of  ambulacral 
plates  of  disk,  where  ray  has  been  brolcen  off,  X  5.  la.  Same;  a 
pedicellaria  from  a  small  adambulacral  spine,  X  120.  1&.  Same; 
mouth  plates,  X  5 ;  only  1  of  the  suboral  spines  shown.  Ic.  Same, 
type ;  adambulacral  plates  from  middle  of  costal  region,  X  5 ;  1 
lateral  spine  is  shown,    P.  510. 

2.  Odinia  pacifica,  Hawaiian  islands ;  articulating  surface  of  adambulacral 

plates  at  ba.se  of  ray,  where  it  has  been  detached  from  disk,  for  com- 
parison with  3a ;.  X  5.    P.  509. 

3.  Odinia  tnagister,  type ;  side  view  of  ray  at  end  of  the  papular  region  to 

show  the  comb  of  spines  (only  one  comb  shown),  the  adambulacral 
spines,  and  the  cushions  of  pedicellaria e,  X  2.5.  The  sacculi  are  shown 
extending  their  full  length  beyond  the  tips  of  the  laterial  spines  proper ; 
in  life  they  are  undoubtedly  much  longer.  3a.  Same;  articulating 
surface  of  the  adambulacral  plates  at  base  of  ray,  for  comparison  with 
fig.  2 ;  X  2.5.  Ordinarily  the  opposite  facet,  that  of  the  disk,  has  been 
figured,  but  the  disk  is  wanting  in  the  type.    P.  507. 

4.  Brisingenes  mimica,  type;  a  pedicellaria  from  disk  (length,  0.45  mm.) 

X  80.  4a.  Same;  base  of  the  blade  of  a  disk  pedicellaria  further 
enlarged.  4&.  Same;  a  pedicellaria  from  a  furrow  splnelet  (length, 
0.42  mm.),  X  80.  4c.  Same;  end  of  blade  of  furrow  pedicellaria, 
enlarged.  4d,  Same;  a  pedicellaria  from  an  oral  spine  at  mouth  of 
furrow  (length,  0.5  mm.),  X  80.  4e.  Same;  adambulacral  plates. 
4/.  Same;  articulating  surface  of  ambulacral  plates  of  disk,  where 
ray  has  been  broken  off.    P.  518. 
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Plate  158. 

Fig.  1.  AntroHtephanv  aeanthogenyH,  tyr)e;  2  adambulacral  plates  from  the  ct>stal 
area;  X  5.  In.  Same:  a  lateral  spine,  same  scale  as  fig.  1,  from  the 
end  of  the  costal  area,  X  5.  \b.  Same;  mouth  plates  showing  the  2 
suboral  spines  of  each ;  one  spine  removed  from  left  plate ;  X  5.  Ic. 
8ame;  articulatiii;;  surface  of  amhulacral  and  adambulacral  plates 
where  ray  has  been  broken  from  disk;  this  is  the  distal  face  of  the 
plates,  X  5.  1(2.  Same;  a  pedlcellaria  (length,  0.109  mm.)  from  one 
of  the  furrow  spinelets,  X  200.    P.  528. 

2.  Htvgnobrisinga  placoderma,  type;  mouth  plates  and  ^  adjacent  adamba- 

lacrals,  X  5.  2a.  Same ;  end  of  one  of  the  subambulacral  spines  show- 
ing the  sheath  of  pedicellarine.  X  'y,  2b,  Same;  2  adambulacral 
plates  from  the  costal  region*  X  5.  2c.  Same;  a  pedlcellaria  from  a 
furrow  spinelet  (length,  0.45  mm.),  X  60.  2d.  Same;  articulating  sur- 
face (distal)  of  ambulacra]  and  adambulacral  plates  as  seen  on 
periphery  of  disk  after  removal  of  ray,  X  5.    P.  531. 

3.  Briaingcncs   anchista,   type;    pedlcellaria   from   a   subambulacral   spine 

(length,  0.22  mm.),  X  80.  3a.  Same;  a  pedlcellaria  from  disk  (length, 
0.27  mm.),  X  80.  Hb.  Same;  pedlcellaria  from  a  lateral  oral  spine 
(length,  0.40),  X  80.  3c.  Same,  station  5648;  mouth  plates,  X  5, 
showing  the  common  sncculus  of  the  2  suboral  spines.  Sd.  Same; 
pedlcellaria  (length,  0.27  mm.)  from  a  furrow  spinelet,  X  80.  P.  521. 
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Plate  154. 

Fig.  1.  CraterobriHnga  cucorync;  2  adambulacral  plates  from  outer  third  of 
costal  area ;  the  proximal  plate  with  sheath  of  pedicellariae  shown 
on  the  2  proximal  furrow  spinelets  and  on  the  larger  subambulacral 
spine,  X  5.  la.  Same ;  fifth  adambulacral  plate,  showing  the  special- 
ized subambulacral  spines,  X  5.  16.  Same ;  mouth  plates,  X  5.  Ic. 
Same,  a  suboral  spine  from  another  specimen  with  the  sac- 
cuius  of  pedicellariae,  X  5.  Id.  Same;  a  pedicellaria  (length,  0.21 
mm. )  from  a  furrow  spinelet,  X  160.  le.  Same ;  distal  articulating 
surface  of  ambulacral  and  adambulacral  plates  as  seen  on  periphery 
a  disk  after  removal  of  ray,  X  5 ;  to  the  left  an  interradial  plate  has 
been  shown  {int.),    P.  514. 

2.  Astrostephane  moluccana  ;  same  view  as  le,  without  an  intermediate  plate, 

X  5.  2a.  Same;  2  adambulacral  plates,  middle  of  costal  area,  X  5. 
26.  Same;  mouth  plates,  showing  the  suboral  spine  bent  toward  the 

actinostome,  X  5.6.  2e.  Same ;  a  suboral  spine  from  the  side,  X  5.6.  2d. 
Same;  tip  of  pedicellaria  (2e)  showing  inside  of  jaw.    2e.  Same;  a 

pedicellaria  from  a  furrow  spinelet  (length,  0.15  mm.),  X  160.    P.  526. 

3.  Freyellaster  apatulifer,  type ;  mouth  plates  and  adjacent  pair  of  adambu- 

lacrals,  showing  variation  in  the  form  of  the  first  subambulacral  spines 
and  the  bifid  suboral,  X  9.6.    P.  538. 

4.  Brisingenes   anchista;   distal   articulating   surface   of  ambulacral   and 

adambulacral  plates  as  seen  on  the  periphery  of  disk  after  removal 
of  ray ;  on  the  right  2  adambulacrals  of  adjacent  rays  are  shown. 
P.  521. 
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F^io.  1.  Frcf/ellastcr  gpalulifer,  type;  distal  articulating  surface  of  ambulacra! 
and  adanibulacral  plates,  as  seen  on  the  periphery  of  disk  after  re- 
moval of  ray ;  on  the  right  2  adambulacrals  of  adjacent  rays  are 
shown,  X  8.  la.  Same;  fourteenth  and  fifteenth  adambulacral  plates, 
X  9.6.  lb,  Ic.  Same;  third  and  sixth  subambulacral  spines,  X  9.6.  Id, 
le.  If.  Same;  end  of  a  sixth,  and  the  ninth* and  eleventh  subambulac- 
ral spines,  X  9.6.  1g.  Same;  a  pedicellaria  (length,  0.038  mm.)  from  a 
lateral  spine,  X  400.  Ih.  Same ;  a  pedicellaria  from  the  larger,  aboral 
furrow  spine  (.sixth,  0.33  mm.),  X  120.  li.  Same;  tips  of  jaws  of  Ih, 
showing  about  three-fourths  of  their  breadth.    P.  538. 

2.  Pedict'Uaitter  chirophorus,  type;  second  and  third  adambulacral  plates, 

showing  the  3  .<jpines  which  occur  on  the  first  few  plates  of  each  series 
(2  on  the  others)  and  one  of  the  large  "cat-claw"  pedicellariae  at- 
tached to  outer  end  of  plate;  X  16.  2a.  Same;  a  few  plates  of  the 
side  of  ray,  near  base ;  «,  superomarginal ;  i,  inferomarginal ;  act., 
outer  series  of  actinal  intermediate  plates ;  X  8.  26.  Same ;  one  of 
the  minor  pedicellariae  enlarged  80  times.    P.  409. 

3.  Taraaster  distichopus,  type;  plates  of  the  ray  from  the  adambulacral 

(a)  to  midradial  series  (top)  shown  as  if  wall  of  the  ray  were  spread 
out  flat;  ♦,  inferomarginal;  «,  superomarginal;  r,  midradial  series: 
the  2  series  of  dorsolateral  plates  and  connectives  are  shown  between 
the  superomarginals  and  radlals.  Taken  at  about  the  middle  of  ray, 
X  8.  3o.  Same ;  adambulacral  and  inferomarginal  armature,  at  end 
of  the  proximal  third  of  ray,  X  8.  36,  Same;  an  unguiculate,  for- 
ficlform  pedicellaria  from  an  adambulacral  plate,  X  about  32.  3c. 
Same ;  one  of  the  forclpiform  pedicellariae,  X  80.    P.  490. 
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Plate  156. 

These  figures  are  Intended  to  show  some  of  the  characters  upon  which  several 
new  genera  of  Brlsingidae  have  been  based.    See  the  synopsis,  p.  501. 

Fig.  1.  Brimnga  trachydisca;  actinal  view  of  adambulacral  (o),  marginal  (m), 
and  mouth  (o)  plates,  X  8.  Ic.  Same;  lateral  view  of  plates  of  Inter- 
brachial  angle  after  removal  of  rays;  i,  interradial  plate;  aw,  ambu- 
lacral  plate ;  others  as  In  Fig.  1.    P.  510. 

2.  Astrostcphane  mohiccana;  actinal  view  of  adambulacral (  a)  and  mouth 

(o)  plates,  X  8.  2a.  Same;  lateral  view  of  plates  of  interbrachial 
angle  after  removal  of  rays;  t,  interradial  plate;  m,  marginal  plates; 
am,  ambulacral  plates;  a,  adambulacral  plates.    P.  526. 

3.  BrisinifvUa  fragUis;  actinal  view  of  marginal,  adaml)ulacral,  and  mouth 

plates,  X  8;  lettering  as  in  fig.  1.  3a.  Same;  lateral  view  of  plates 
of  interbrachial  angle,  X  8 ;  only  the  articular  surface  of  the  mar- 
ginal and  adambulacral  plates  is  stippled ;  side  of  interradial  plate  is 
stippled  to  show  prominence ;  lettering  as  in  2a.    P.  524. 

4.  Freyella    microplax;    lateral    view    of    plates    of    Interbrachial    angle, 

X  8 ;  lettering  as  in  2a.  Only  the  surface  of  the  interradial  and  oral 
plates  Is  stippled;  note  absence  of  marginal  plates.  For  description 
of  this  species  see  Fisher,  1917/,  p.  430. 
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The  following  Index  contains  the  names  of  the  funOies,  genera,  species,  and  sabspecles  of  Asteroldes 
which  occur  In  thl$  memoir.  Two  Unds  of  type  are  used  fbr  the  names,  roman  and  italic;  the  former  Indi- 
cates  valid  names,  the  latter  synonyms.  But  when  a  species  name  follows  a  genus  name  that  is  a  synonym 
of  another  genus  name,  the  species  name  of  the  combination  is  italicized,  although  the  species  name 
may  be  valid.  The  heavy-tAoed  type  indicates  the  page  upon  which  the  description,  or  chief  citation  of  the 
species  occurs.  The  names  occurring  in  the  account  of  the  distribution  of  species,  pages  5  to  16,  those  cited 
In  the  list  of  dredging  stations,  and  those  In  the  explanation  of  plates  have  not  been  indexed. 


Page. 

Acanthaster 441,406 

brevispinus 448,18,443 

echiniUs 4,5,441 

fchinui 441 

ellbU 443,444 

maurltlcnsis 18,442,443 

plancl 441,3,4,5,23,443 

Solaris 444 

Acanthasteridae 441,23 

Anseropoda 484,420 

diaphana 425 

macropora 484,19 

membranacea 421 

petaloldes 425,19 

tenuis 425 

Anthenea  flavescens 23 

spinulosa 3,4,23 

AnHunkuter 328 

Anthenoides 388,346 

crlstatus 881,18,328,338,341 

epixanthus 21,329,333,338 

granulosus 333,21,24,328,329 

llthosonis 336,328,329 

peircei 328,331,332 

rugulosls 838,828,329 

sarissa 18,328,329,833 

Anthenoldlnae 326 

Anthostlcte 140,2,22,90 

aulophora 140 

Aphrodltaster 885,22 

gracilis 21,225 

mlcroceramus 885,21,24 

Axthastsr 180 

angulatus 181 

hesperut 60 

tenuis 5 

typicus 180,5,24 

Archastsrldae 180,23 

Astsrlas 495 

Atterioi  iiteoldea 360 

eekiniut 441 

eeMmw 441 

eeklnopftora 426,427,432 

indeca 444 

mgua 416 

gUiekiUt 426 

graiwiaria 257 

laetHgaia 400 

13434—19 66 


Pagei 

Asteria*  mUleporella 378 

muUifora 40O 

noio»a 346 

p^ppota 44T 

planei 441 

»agena 426, 42» 

ianifuinoUnia 428 

savignpi no 

tchmiddiana 360i 

$epo»ita 426,427,428 

tpino9a 426,432: 

ttkhaiUha 487 

tenuhpHta 24 

voUaUUa 4,5,494,496 

Asterildae 487,23 

Asterina 400,216,410,419' 

hurtcnii 411 

oepheus 4U,3,5,24 

erittata 411 

crttittla  euereei 4U 

coronata 241 

coronate  ooronata 414 

coronata  cristate 411, 2, 19, 410, 414, 416 

corooataeuerces 414,19,410,413 

coronata  fisscicularis 414 

gUfbota 4 

ptniagwa 4 

Asterinidae : 408,23^ 

A$terinide$ 410> 

410- 

410^ 

410? 

410' 

«>«^ 410 

Asterinopsis 417,2,410,411> 

lymanl 410* 

pedioeUaris 417r 

peniclilarb 410, 41»' 

pUosa ^...     41» 

Atteriteui  cepheui 411 

Asterope 406, 40r 

carinilBra 4,24 

Asteropldae 4or 

Atteropfit 405;; 

Asterodiscus 854 

elegans 356,5,354,360 

helonotiis 357,19,866' 

tnincatus 19,355,357,358,360» 
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Pago. 

Asterodiacus  tuberculosus 355,356,300 

ABthenaotfs 456,456 

meduta 454 

papyraoeas 454 

Afltrooeramus 308,22,304 

caUimorpbus 19, 310, 311, 31 2 

fishcrl 318 

llonotiis 810,19 

spliaerioBtlctus 313,19,307,310 

Astrodes 604 

aotinodcttis 60* 

A  ttroffonium  jordani 220 

Umgimanum 262,308,305 

AstroUrus 504,525,530 

A&tromesites 107,2,22,90 

oompactus 107 

Astropecten $2,2 

acanthifer 18,24,65,66,73 

atmUihifer  pkragmofui 65 

alatos M 

anderaoni 17,24,67 

utropecthMtt 91 

bandantu 21 

bengaleiuls 70 

bonnieri 79 

oelebensls 24 

debliis 68 

erexnicus 79,18,62,82 

eucnemis 75,18,62,79 

granulatus 73,18,62,77,78,79 

griegi 7,82,84,89 

bawaiiensih 73 

hemprichii 70,72 

Imbcms 4,23,38 

indicus 79 

koehleri 73 

ludwiRi 90,91 

lusoniais 82,62 

macer 60 

BuUayanus 79 

jnauritiensls ^ 77 

maurUitMi* 20 

.        mindancnsis 67,17,62 

7       monacantbus 74,4,62,78,79 

notograptus 79 

ofrientalls 79 

orslnli , 73 

pedlccaiaris 87,17,62 

phragmorus 65,18,62 

polyacanthus 63,5,21,62 

pugnax 73 

piisllliLS 79 

pusUiulus 18,82 

sarMnorum 79 

scoparius 73 

tenollus 84,17,62,82,87 

tcrnatensls 24 

tiiseriatus 73 

umbrlnus 79 

vappa 70,73 

vappa  inaequalLs 69,62 

velltarls 70,24,62,72 

velUarit 73,78 

lebra 77,78 

sebrasibogae 24 

Astropoctinldae 69,23,156 


Page. 

Astrortephane 625,2,23,503,500 

acanthogensrs...  528,525,528,534,535 

moIuocaDa 626,24,525,535 

Astrothaiuna 320,2,23 

euphylacteum 326 

Atelorias 342,2,22 

anacaathus 343,24 

Bathyblaster 90,110 

BelgioeUa 504 

racoYittana 504 

Bentbogenia .• 39,2,22 

cribellosa 31 

Bonthopecten 206 

acanthonotus 206 

antarcticus 210 

buddiestonU 31,208,210 

mohiccanus 206,21,24 

mutebUis 211 

polyctentiis...  211,21, 34, SOB, 213, 215 

semisquamatas 310 

spinosus 206,311 

styradus 213,21,24,208 

violaoeus 21,211,212,213,215 

Benthopectinidac 162,23 

Blaklaster 90,99,107,110 

Brisinga 609,2,402,493,501,502,503. 

512,  518,  523,  525,  530,  533,  537 

aeantkogen99 528 

andamanlca 18,512,534 

bengalensis 520,534 

eoronata 509,534 

endecacnemcs 508,500,518,523,524 

eacoryne 514 

fragiiit 503,523,524 

gracilis 533 

gunnil 512,534 

insularjxn 530,534 

mimka 501,517,518 

moluceana 603,525,526 

panamensis 504,530 

panopla 503,512 

ptacoderma 503,530,531 

itmicofTonata 501,505 

trachydisca 510, 18, 509, 518, 520, 533 

Brlslngaster 502 

roblUardi 502 

Brislngella 523,2,22,502,503,509,513,525 

armillata 524,535 

ooronata 509,524 

dlsdncta 524 

exllls 524 

fragUls 524,525,535 

pusiUa 524 

medlterranea 524 

membranaccia 524 

tenella 524 

vertioUlata 524 

Brialngenes '. 617,2,22,501,525 

ancblsta 621,24,518,520,535 

mimica 516,24,534 

Brlslngldae 601,23,492,493,494 

Buuaster 398 

Uthodes 398,2,18 

ritterl 18,24,396,399 

Bytbiolopbiis 484,2,471,481 

acaDtblnus 486,23 


Digitized  by  VjOOQIC 


INDEX. 


707 


Paga 

Calliaster 3M,  320, 823,32* 

baocatus 317,310 

chUdrenl 316,319 

corynetes Sit,  19 

mamilUfera 319 

pedicellaris 19,317,319 

Callopatiria 420 

Oarna 424 

QUatUu 400 

Ceramaster 257,226,243,253,297 

arctious 260 

darki 19,257 

granularis 287 

smlthi 257,19 

Chaetaster  moord 5 

Cheiraster 190 

diomedeae 200,19,191 

gasellae, 190,19,190,191,201,203 

granulatus 207 

Inops 191,18,19,201 

ludwlgi 203,21,191 

niasicas 192,18,19,25,190,191,201 

pUosus 18,194,195 

snydcri 19,197,198,201 

subtuberculatos 21,205,207 

triplacanthus 206,21,25,191 

trulUpte 21,23,196,205 

Chkme 388 

Oiondraster 407 

Ghodastor 807 

granulatus 867,5,25 

Gtroeasto- 297 

CDODidaster 400,471,481,485 

aquameus 18,481 

wyvillU 400,18,25 

sea 18,481,483 

Oolpastcr 504 

scatlgoruhis 504 

CoroDMter 404,491,492,493 

antonii 494,405 

bispinosus 494 

briareos 404 

haUoepus 407,25,486,496 

octcradiatns 494 

parfaitl 404,405 

volsellatiis 400,494,495 

Cosdnasterias 495 

eupUeta 487 

Craspldaster 00 

hesperus 00,4 

Craspidasterinae 69 

Craterobrisinga 612,2,23,503,525 

aiberti 19,513,514,516,525,536 

analoga 516,513,536 

cricophora 513 

eucoryne . . .  514, 19, 513, 516, 517, 536 

e\*ennaimi 513,528,534,535,536 

muJtioostata 513 

panopla 513,517,536 

paraUola 513,517,536 

varUspina 513 

CrenasUr 160 

mollis 160 

spinulosu* IGO 

CribrelM  dmsispina 436 

447 

japonlajs 21,449 


Page. 

Crossaster  papposus 447,449 

penidllatus 21,449 

SOOtophUus 477,21,25 

Ctenodiscus 44,22,43,44,236 

crispatus 18,44 

orientalis 44,18,25 

Ctenodisdnae 44 

Ctenophoraster 05,22,90 

dlplocteniiis 05,18 

iiawaliensis 18,95,96,97,98 

Ctenopleura 90,2,22 

astropectinides 91 

ludwlgi 01 

Culdta 360,302,366 

arenosa 25,361 

ooriacea 366 

discoidea 25 

grex 25 

Dovae-guineae 360,5,25,363,366 

novae-gtiincae  plana 301,25 

plana 25 

sdimiddiana 25,363,366 

veneris 306 

CuMtatUr 362 

awtmaw 362 

Cyoethra 215 

Dendrogaster 37 

Dlplopteraster 402,470 

multlpes \ 21,22,462 

multipes  pataglatus 402,21,25 

peregrinator 463 

vemicosos 463 

Dlpsacaster 145,90,141,156 

dlaphorus 112,145,156 

grandissimus 147,148,149 

imperialis 140,18,145 

laetmophUus 151,148 

magniflcns 150 

nedotes 145,18,25,145,148 

pentagonalis 150 

sladeni 18,145,146,151,152 

Dissogenes 207,2,22 

styrada 868.25 

Distolasterias 407 

dubia 489 

euplecta 487,489 

eostyla 489 

hypacaatha 487,18 

matoptiora 18,489 

mollis 489 

Dortgtma 261,262 

eonflnU 247 

Jonffimana 304,305 

pentaphylla 301 

reemii 262,304,305 

temaUs 262 

Dytaster 157,160 

aequivocus 160 

anacanthus 133 

evaulus 157 

exUls 161 

gilbertl 160 

grandls 160 

Inermis 4,23,25 

madreporifer 160 

nobllis 160 

spinosiis 160 
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Bohln»»t«r *«.«7 

acantnodes 432 

tnoiiUenaii 427 

caUosus 428,25,432,433 

eroMiM 427 

echinulatut 2H 

eridaneUa 25,427 

tMChriehHi 427 

fallax 3,4,27,427 

gracilis 427 

ocul(Uv4 427 

purpureu9 5, 25 

sageniis 428, 432 

sepoiitM 427 

aerpetUariui 427 

90lari9 3,4,427 

spinofu* 427 

tpongUmu 427 

stereosomiis 430,433 

Echlnasleridac 426.23 

JSnoplopatiria 410 

bradlienBit 410 

maT{rinata 410 

minuta 410 

stem/era 410 

Eugonlaster 297 

Perdina 370 

flavescens 370 

-glyptodista 370,21.23 

oflreU 21,370,371,372 

PlabcUum 3:53 

FreyeUa 2,492,602,601,530,533,537,538 

benthophila 538 

hraeteata 538 

dimor  pha 538 

echinata 4,  ZJ,  540 

clegans 538 

fecunda 504,537 

fragUUsima 538 

heroina 538 

insl  gnis !>:« 

microplax 538 

padflca 5r« 

polyenemn 538 

proplnqua 538 

remex 538 

sexradiata 538 

spatullfera 25,538 

splnoaa 504,537,53S 

tuberciilata 538 

Preyellaster 637,2,22,502,504,530 

fecandus 538 

spatnli  for 538 

scalaris 538,540 

FrepeUidea 537 

Fromia 373 

andamanonsis 377 

annata 18, 377, 378 

balansac 377, 3T8 

cancollntr. 373 

eustlcha 375.373 

hcmlopla 377,18,37:1 

Japonica 373 

kuhlli 37:J 

major 373, 374 

mlUeporella 378, 5, 2.i,  373, 375, 377 

I     monilis 25,374 


I*a;e. 

Oaneria 2W 

fiaklandlca 216 

Oanorlidae «1»23 

Qartrastcr *»* 

Gephyreaster 216 

Olyphodbcus 306,2 

QoxLiastercuspidatas ^ 25 

nidarosientU 290 

Goniasteridae **• 

GonJasterinae *•• 

Ooniodiscaster 384 

forflculatus 384 

pleyadella 25 

OtmiodiMndeM 362 

OoniodUcus 362 

capeUa 306 

forfleulattu 824 

plepadella 324 

m^ottu 6 

tebae 361 

Goniopecten U,  22, 44, 46, 47, 236 

ashtlcus 47,50,65,57,59 

demonstrans 47, 50 

Goniopectlnldae ** 

GoniopectliiJiiac M 

Gffmnatteria  cirimfera 4, 25 

Gymnobrislnga 502 

sarsii 502 

Halityle 882,2,22 

regularis 362 

Henrlcia 436 

aroystata 438.18,436,436 

denslspiiia 486.436 

leviiiscula  anncctess 436 

leviuscula  multispizia 436 

mlcioplax. 437 

mutans 18,435,439,440 

oevJttla 435 

pnwstans 430,440 

aangalnolenta 428,435,437 

HeUrtutertaa 494 

wlteUata 496 

HIppasteria 294,331 

Botia  tpinulofa 3 

Hydrasterlas  ophidJon 491 

Hymmiaster 483,467,470 

bartschl 486,19 

koehleri 21 

nobUis 21,463,464,466 

pelluddus 488 

puUatus 19,465,467 

rhodopeplus 483,21,25,464,465 

Hymenastorides 467,2,22 

senognathus 488,25 

HymeaodJacus 502 

agassizi 508 

Hypbalaster 42 

hyalinas 42 

loonaster 303,2,298,309 

ifardineri 269,309 

longlmanus 308, 306 

perlerctus 888 

Koremaster 157,2,22 

evaulus 167, 18,26 

evaulds  spiculatus 181,18 

Ubidlaster 492,493,494 

annula  tus 493 
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Labidiaster  radiosus 492, 498 

Labidlasterinae 492,494 

Labldiastrella 493 

Lariatter  villosut 407 

Lelaater 396 

aoalogus 39S,  18 

call  ipeplua 398 

ooriaoeus 18,396,397,398 

glaber 398 

leacWl 5,26,396,397,398 

Leptogoruuter 831 

criBtatua 4,328,329 

LeplogoMuterinae 326 

Leptychaster 90,99,107,110,216 

Ltackia '. 400,396 

dipUtt 401 

dublosus 3W 

ehrenbergU 401 

gufldingii 401,26,400 

laevigata 400,3,4,5,26 

megoloplax 388,390 

miUarii 3,4,5 

multlfora 400 

pacifica 401 

putiUa 3 

rosenbergi 26 

tubereulata 26 

t9pu9 400 

Linckildae 367,23 

LIthoaoma 298,2,22,309 

aotinometra 298,2 

penichra 301, 298 

pentaphylla 18 

Loncbotaster  forclpifer 151 

magnifictu 150 

tartareus 151 

Lopbast<»- 449 

abbreviatus 450 

azxtarticus 450 

ftircifer 19,450 

furclUiger 449 

galnl 450,451 

stelUms 450 

suluensis 449, 19 

Luidla : 1S3 

afdcana 166, 168 

aspera 171, 4, 5, 183 

asthenosoma 18, 166, 167, 168 

avicularia 172, 18, 163 

chefuentU 166 

cfliaris 163 

clathrata 166 

denudata 18,175,176,177,178 

elegans 168 

follolata 166 

forflcifera 5,18,164,165,166 

fragilisstma 163 

gynmochora 175, 163 

bardwlcklL 5 

Integra 18,172,474 

Umbata 166 

longispina 164,4,5,163 

maculata 168,4,5,26,163 

morolsoana 18, 172, 174, 175 

orientalis 166,18,163 

penangensls 166 

prionota 184,18,163 
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Luidia  quinaria 166 

sarsl 166,168 

savignyl 170, 163 

Loidiaster  dawscml 199 

LuldiJdae 168,28 

Lydiaster 297 

Lysaster 43 

Mammaster 471,481 

Marginaster 407, 22 

capreensls 407,409 

echinulatus 409 

jimMahu 407,409 

paucispinus 407 

pectinatus 407 

pentagonus 409 

Medlaster 256,243,253,261 

aequalis 265 

arouatus 255 

bairdli 255 

omatus 256,255 

teneUus 242 

Mdia 878 

Metrodlia 406,370 

subulata 406,3,26,405 

Metrodlridae 406,28 

Marodirinae 405 

Mlltellphaster 823,324 

Mimatter 22 

eofputttts 215 

notabiUt 215,217 

tizardi 215,217 

Mimasteridae 215 

Afitruuterinae 215 

Mlmastrella 217 

MithrodJadayigora 5,26 

Molraster. 90,143,144 

Myxaster 454,22,456 

medusa 454, 21 ,  26 

sol 21,464,466 

Myxasteridae 454, 28 

Myzodenna 471 

Narcissia 370,384 

Nardoa 378 

aegyptiaca 379,380,382,384 

finaehi 379,381 

frianti 885,18,379,382,384,386 

galatheae 26,382 

gomophia 379,380,384 

lemonnlerL 382,380,384 

mollis 381,382,383 

novae-caledoniae 23, 379, 380, 381, 382 

obtusa 4,23,379,385,387 

pauciforis 23,379,381 

semi  regularis 383, 23, 375, 379, 384 

semiseri:ita 384 

squamulosa 883, 380, 884 

tubereulata 884,3,4,5,23,382,38<< 

tumulosa 386, 18,379,382 

varlolata 378, 879, 887 

Nectria 242,256 

ocellifera 26 

ocellata 256 

Nepanthia 422,2,402,419 

braehiata 419 

brevls 423,424 

Joubinl 423,422 

maculata 422,3,413,419,423 
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NepanthJapedieeZJoHt 417 

platpditea 420 

suflardnata 423 

Nerddaster 240,261 

bowerti 241 

tymboUeut 253 

Nymphaster 261,243,244,253,294,301,303,309 

albWus 261 

arenatus 277 

arthFocnemis 277,18,26,264 

atopus 285,263 

belli 18,266,272,274,282 

baslllcus 261 

bipunetui 261 

diomedeae •  266 

dyscrltus. 266,18,263,309 

emyplax 284,18,263 

florlfer 242 

gardineri 18,269 

habrotatus 282,264 

leptodomus 272,263 

ludwigi 21,266,276,281,282 

meseres 280,18,264 

moluccanos 874,21,26,263 

mncronatus 289,18,263 

nora 280 

protentos 253,261 

tymboUeut 4,240,253,261 

temalifl 18,266,276,278,282 

Odinla 505,492,495,501 

aartinL 506,509 

dartd 506,509 

magister 507 

padflca 506,607,500 

penlchra 606 

ORinaster 305,330 

capella 262 

Ophldlarter 388 

oyUndricus 26,392 

dublosui SN,888 

fuscos 888,3,26 

germanl. 391 

hlrsutus 388,390 

ophidianus 388 

omatos 382,394 

porpureus 26,802 

posiJlas 3,4,23,26,390,392,398 

pustulatus 26,392,396 

rhabdotus 396 

sclerodermus. 394,395,396 

squameus 392 

teneUus 394,396 

triseriatos 893 

tryohnus 390,385,302 

tubercalatus 384 

taberller 883,888,390,302 

tumesoeziB 396 

Ophldlasteridae 367 

Oreaster 346,354,362 

affinis 26 

alveolatus 348,346,354 

grayi 26 

ha-vaiiensis 364 

biulcus 26 

lincMi 27,349 

mammillatus 354 

nodosus 346, 5, 27 


Oreaster  novae-caledonJae m 

oocidentalis m 

prodactos  taberatos. :: 

rhefnhardtL % 

sladeni ? 

Oreasterldae. Mis 

Othilla «.<? 

eridaneOa r.cte: 

Ivuoniea. i.c* 

purpurea fStiiOs 

Faragonaster msw 

ctenipes i*» 

ctenipesbTiMcanUius. BtU 

elongatos a 

forxDosos. XC 

stenostlohos tB,S« 

strictus 2r 

subtlliis IK 

Paranepanthia 411,2. 3, «: 

platydisca mr 

Pararekaster aos,3i 

pedieifer m 

Parasterlna. fli 

Patagiaster lKa» 

nattingl is,U4 

sphaerioplax ISih 

PaUrla m 

brittreu9 * 

chflensis « 

ooooinea « 

g»yl « 

granifera €• 

granolata. C* 

miniata fli 

norae-celandlae <» 

peotinifera 06 

Patfriella ttittt 

oalcar 49 

oaloanta « 

exlgna. tikin,m 

flmbriata » 

gunnlL « 

pasflla W 

regolaris '** 

squAinata «• 

Pectinaster !«.» 

evoplus »,» 

filhoU » 

forcliMtus  echinatus 1S,IH.B 

hlspWus IftW 

hylacanthus IT,  27, 182.  IK  W 

mlmlcus ltt.l&.2:,tt: 

mimicas  palawaxttnsis UI,I&lfi 

Pectlnidlscus 44»» 

PedioeUaster 4M,482,4H,«6.S« 

^      ohirophoms •1-^ 

typUsua • 

PedloeUasterldae «tfl 

Pedlcellastertnae •H** 

Peltaster «,» 

cycloplax ■• 

Mm W 

nSdarosiensis. 2»0,».»* 

planus '^ 

Peutaoeropsis mi*^ 

fupAuet •* 

obtusato 4,6,18,2M7,»SS 
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Fentaoeropsls  tyloderma 350, 18 

Fentaeent 346 

ahseolaiut 348 

fnnkUnii 346 

moduhu 346 

cbtutatut 4 

produetu*  tuberatuB 4 

tWTitut 5,346 

Pentaeerotidae 346 

Pentaffonatter 324 

alexandri 240,261 

artnatut 262 

cuefMi 260 

nUrabiUi 260 

mortmteni 260 

mmeri 282 

pUteenta 260 

spinviotut 4 

$ubtpi7iotui 262 

Perissogonaster 235,2,22 

Inslgnb 236,235 

Persephonaster 111,90,107 

anchistus U7, 18,  111,  127, 130 

cingulatus 21,23,124 

oodochfles 18,115 

crooeus 21,111,134,136 

euryactis 112,17,111,130 

euiyactls  brevispinus US 

gracilis 133 

habrogenys 131,112,134 

lazonicus U8,  HI,  127, 130 

nii«ftlri<msi» 18 

moQostoechus. . .  131, 18, 27,  111,  136 

multicJzictus 123, 

18, 21, 27.  Ill,  125, 126, 127, 130, 136 

oedlplax., 127,112,130,131,133 

patagiatus 124 

roiUeL 21,121,124 

soluensis 125,18,111,130 

tenuis 121,111,130 

PMdUuter 100 

aga$tizi 100 

Pholklaster 484,471,485 

distinctus 18 

squamatus 484,4,18 

PUnthaster 294 

Plutonaster 90 

Pontatter  mimieut 182 

trulUpa 4 

Pontioceranius 294,2,22 

grandis 294 

Porania 407 

grandi* 407 

pulvUla 407 

Poraniella 407 

Poraniidae 407,23 

Poraniomorpha 407 

rosea 407 

Poranisoa 407 

PorceUanasteridae 35,23 

Priamaster 216 

Priamasterinae.. 216 

Prionaster 50,22,44,47,236 

analogus 50,21,55,56,57 

elegans 44,50,54 

gracilis 55,41,50,57 

megaloplaz 56,21,27,44,50 


Page. 

Prognaster 470 

grlmaldll 470 

Umgieattdtu 470 

Fsoodaiohaster 820,156 

dissonus 21,225 

Jordanl 220,27 

mosaicos 221 

myobrachius 225 

ollgopoms 222,21,27 

pectinlfer 21,222 

roseus 225 

tessellatos 225 

PSeudarohasterinae 220 

Psflaster 100,107 

agasslsl 17,101,103,104,105 

florae 106 

gotoi 100,17,18,21 

gracilit 128 

peotinatus 106 

robustus 103,17,18,21,27 

PiiUuteroptit  dnifulata Ill 

Pteraster 456,470 

capentii 460 

corynetes 456,21,27 

cribroiut 4 

Ingolfl 458 

mllitaris 456 

multipet 462 

obcsus 19,458,460 

obesus  myonotus 458, 19 

personatus 458 

piUviUus 456,458 

reductus r 458 

rugatus 457,458 

semireticulatos 21,456,458 

sordidus 458 

temnochlton 457,458 

Pterasterldae 456,23 

Pycnopodia 493 

^rthonaster 456 

Radiaster 217  22,216 

elegans 21 ,  216 

notabills 217,21.27,216 

tiaardl 21,216 

Radiasteridae 215,23 

Radiasterinae 216 

Rafidtttia 362 

luzoniea 3 

Rathbunaster 493 

califomicus 493 

Retaster 460 

cribrosus 460 

inslgnis 400,4,27 

Rhegaater 407 

Rhlpldaster 451,453 

polpeUniut 451 

vannipes 5,451,452,453 

Ehapia 426,427 

mediterranea 428 

tepotita 426,428 

Rlparter 90 

Roaaster tlO,  243,261 

alexandrL 240,241,243,347,255 

bipunotus 242,244,250,253 

confinis 18.241,243,244 

mamillatus tl7,244 

mlmlcus 250,243,255 
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Rosasternaimus 244,18,241,243,253,255 

symboUcus 253,241,244,250,255,261 

Scaphaster 405 

kumbera 405,406 

Sq^tatter  oUtutu 4 

tubereulahu 4,384 

Sidonaster 86,22 

bathori 35 

psilonotus 37 

vaneyl 86,22 

Solaster 444,216,218 

abyssonim 447 

borealls 445,446,447 

endeca. 447 

furcifer 440 

paxlllatus 21,445,446 

rogularis 446 

icotophilut 447 

subarooatus 447 

torulatus 446 

tropicus 444,21,27,446 

tumidut 407 

SolasterWae 444,23 

Spbaeriodiscus 287,260 

ammophilus 288,290 

bourgetl 288,290 

sootocryptus 287 

Stagnobrlsinga 530,2,23,502,509,513,525 

gracilis 535,536 

placoderma 531,27.520,622,536 

Stollaster 326,346 

bekheH 27,326 

ohUdreni 326 

oquestris 327 

inoel 826,5,27 


Stellaster  gracilis 

nieahu 

Stephanuterbowffeti 

StolatterUu 

Tamariafutn ; 

Taracbaster 

tenuis 

Tarsaster i 

distichopus. «M,2I.: 

stolchodfls 21*4eo.4E 

Tethyaster 90,143,1 

subinermis ifi 

Tboracaster c 

Tbrissacanthias » 

Trltonaster 1SS.2X* 

craspedotos 18, 136, 137,  US.  13I 

evoms 136,  i\ 

Tylaster 4r 

Undina 4» 

ValvBster 4* 

Xenorias 6il,2,2i 

polyctenios ill,r 

Zoroaster 47l,4Si,4& 

adamL 18^473,47i 

anguiatus 473,477 

baratbrf 21,473,473 

carinatus 18, 472, 477, 47i» 

carinatus  phflippinensis 677,18,4?* 

foigozis r 471 

micropoms 675, 21, 27, 472, 4To 

opbiactis 473,18,27,4n,473,47» 

pianns 472,477 

spinulosus 473 

tenuis 472 

Zoroasteridae 176,21 
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